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THE NATURE AND PROPERTIES OF CORN OIL. 
Il. DETERMINATION OF THE CONSTITUTION. 


BY HERMANN T. VULTE AND HARRIET WINFIELD GIBSON. 
Received November 3, 1900. 

N the present investigation an attempt has been made to iden- 
tify, so far as possible, the series of fatty acids contained in 
maize oil. Although a complete separation has not been effected, 
owing to the difficulty of isolating these acids and to the imper- 
fect knowledge we have of their properties, it has been found 
practicable to determine the principal acids found in the oil, 
including three never before reported, and to definitely settle the 
relationship existing between maize oil and other oils possessing 

somewhat similar properties. 

The oil of maize is a fixed seed oil, composed of a highly com- 
plex mixture of glycerides of the fatty acids, together with a 
small proportion of some volatile oil and a rather large percentage 
of unsaponifiable matter. 

CONSTITUENTS OTHER THAN FATTY ACIDS. 

The question of the nature of the volatile oil peculiar to corn 
oil has not been considered in the present article. Its existence 
has been recognized by nearly all observers, and it is to this 

I-23 
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cause that the characteristic grain-like odor and taste of the oil 
are due. 

The unsaponifiable matter is very largely phytosterol or phy- 
tosteryl alcohol. The amount present, as determined by the pro- 
cess of Foster and Reichelmann, is found to be 1.41 per cent.,a 
rather large amount in comparison with that in most seed oils. 
To the presence of phytosterol is due one of the most characteris- 
tic tests for maize oil; z. e., a fine violet coloration when one 
drop of concentrated sulphuric acid is added to a carbon disul- 
phide solution of the oil and the mixture is allowed to stand for 
twenty-four hours. 

A small amount of lecithin is also present in the unsaponifiable 
matter. ‘The method of Benedikt and Lewkowitsch was employed 
for this determination and the amount of phosphorus pentoxide re- 
covered was 0.98 per cent. From this, the calculated amount of 
lecithin present in maize oil is 1.11 per cent., making the total 
amount of unsaponifiable matter 2.52 per cent. 

The percentage of glycerol, as determined by Hehner’s dichro- 
mate method, is somewhat high, running from 10.35 to 10.55 per 
cent. 


a INSOLUBLE FATTY ACIDS. 


The mixed insoluble fatty acids were prepared in considerable 
bulk, for analysis, by a process analogous to that used in deter- 
mining the Reichert value, except that no attempt was made to 
have the work quantitative. The oil was saponified by aqueous 
potassium hydroxide in considerable excess, the soap decomposed 
by dilute sulphuric acid, and the resultant liquid heated until the 
oily layer of liberated fatty acids became clear and transparent. 
The whole mass was then transferred to a separating funnel, the 
aqueous layer drawn off, and the fatty acids washed with boiling 
water until the wash-water was neutral to litmus. The insoluble 
acids were then subjected to a steam distillation at the ordinary 
pressure and the residue washed with boiling water, filtered 
through a dry filter, and driedat 100° C. Considerable difficulty 
was found in obtaining uniform samples for analysis, owing to 
the sharp separation of the acids into a solid and a liquid portion. 

The ordinary constants of the mixed insoluble acids, prepared 
as above, were first determined, the melting-point being estab- 
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lished by the method of La Sueur and Crossley’ and the saponifi- 
cation value both by titration and by the Koettstorfer method. 
A tabulation of the results obtained follows : 


Sp. gr. at 100° Cw ee eeee cece veccee cece cccccccsccveces 0.8529 
Melting-point ...... Sete: delevaeewestcewan tations waeuer 92.47 C. 
Iodine absorption. ...++.ssceee cscs cece cccssececeecee 120.98 
Bromine terial Wale ciiv ad dckivcdcccwswerenaevewceseas 21.6° C. 
SAPONIFICATION VALUE. 
By titration . 12... sscsceccccessccecccscccs secs cecces 198.29 
By Koettstorfer......seeeccee sees ccccccscccesccceces 200.01 
MEAN COMBINING WEIGHT. 
By titration. ....2 eee cecccccecccccccc veces eves coce 282.98 
By Koettstorfer.. 02. sce cece cece cece cccccccccccecces 280.64 


In connection with these results a statement is given of the fig- 
ures obtained by other observers, as follows: 


COMPARISON WITH RESULTS OF OTHER OBSERVERS. 
MELTING-POINT. 


Melting-point acids. Observers. References. 
10.5°-12.2° C. Hoppe-Seyler® Bull. Soc. Chim. (1866) ,[2], 6, 342. 
16°-18° C. Duliére J. Pharm. (1897), 217. 
18°-20° C, DeNegri and Fabris Ztschr. anal. Chem., 33, 547. 
20” C. Jean J. Soc. Chem. Ind., 11, 504. 
930.5° &. DeNegri® Chem. Ztg., 22, 961-976. 
: IODINE ABSORPTION. 
Hiibl No. acids. Observer. Reference. 
113-115 De Negri and Fabris Ztschr. anal. Chem., 33, 547. 
123.27 De Negri’® Chem. Ztg., 22, 961. 
125 Spiller? Dingl., 264, 626. 
126.4 Hopkins J. Am. Chem. Soc., Dec., 1898. 
SAPONIFICATION VALUE. 
Sapon. value. Mean. mol. wt. Observer. Reference. 
198.4 "282.76 Hart Chem. Ztg., 6, 1522. 


An attempt was next made to obtain an approximate idea of 
the relative amounts of liquid and of solid fatty acids present in 
the mixture and, for this purpose, the method proposed by Muter 
and De Koningh‘* was employed. The results obtained must not 
be regarded as entirely accurate, since the lead salts of the acetic 


1 J. Soc. Chem. Ind., Nov. 30, 1898. 

2 Ether extract. 

3 Petroleum ether extract. 

# Allen : ‘‘Commercial Organic Analysis,’’ Vol. II(I), 247. 
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series of fatty acids are not wholly insoluble in ether and those of 
the oleicand the linolicseries are not completely soluble. The con- 
stants of the two fractions were then determined, great care being 
taken to avoid oxidation during the process, and a tabulation of 
the results obtained follows : 


Iodine Molecular Koettstorfer 
Percentage. absorption. weight. figure. 
Liquid fatty acids.... 72.26 135.97 284.45 197.22 
Solid fatty acids...... 27.74(cale.) 54.23 269.78 207.94 


Wallenstein and Finck report an iodine absorption figure of 
140.7 for the liquid fatty acids of this oil, a somewhat higher 
figure than has been obtained in the present investigation. 

It will be noticed that the percentage of liquid fatty acids is 
high. ‘The terms ‘“‘ liquid’’ and ‘‘solid’’ used in this connection 
are misleading since, as will be shown later, one of the principal 
acids of maize oil is both solid and unsaturated, having its lead 
salt soluble in ether. 


FRACTIONAL PRECIPITATION OF MIXED ACIDS. 


Forty grams of the mixed insoluble fatty acids were dissolved in 
hot neutralalcohol, care being taken to use enough alcohol to in- 
sure complete solution %t all temperatures. To the hot liquid was 
added a boiling solution of 1.5 grams magnesium acetate in alco- 
hol and the mixture was then thoroughly agitated and allowed to 
stand for twenty-four hours. As no precipitate was thrown 
down, the operation was repeated with a second portion of mag- 
nesium acetate and, upon standing, a white solid, like the scra- 
pings of candles, separated out. This precipitate was filtered off 
anda fresh portion of magnesium acetate added to the filtrate as 
before, the operation being repeated as long as it was possible to 
obtain new precipitates. In this manner four successive fractions 
were separated, all white and all but the first curdy in appear- 
ance. The fifth fraction was obtained by making the liquid 
strongly alkaline with ammonia, before the addition of fresh mag- 
nesium acetate, and allowing the mixture to stand for three days 
before filtering. The sixth and seventh fractions were obtained 
by neutralizing the liquid with acetic acid and then treating it with 
lead acetate. The precipitate thus obtained was filtered off, dis- 
solved in ether as far as possible, and the insoluble portion fil- 
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tered out. The final fraction, having its lead salt soluble in 
ether, was then freed from the ether by gently heating the liquid. 

The several fractions were next well washed with cold dilute 
alcohol, dried in filter-paper, and decomposed by hot, dilute 
hydrochloric acid. The liberated fatty acids were then washed 
with boiling water until neutral to methyl orange, filtered and 
dried as in the Hehner and Angell process. The purified acids 
were now examined for melting-point, iodine absorption, bromine 
absorption, saponification figure, and mean molecular weight. 

In the determination of melting-point, a short piece of glass 
tubing with small bore was coated over one end with a film of the 
acid and bound to the bulb of a delicate thermometer. This was 
immersed in water, which was gradually raised in temperature. 
The point at which the fatty film was detached from the tube and 
rose to the surface was recorded as the melting-point. 

A tabulation of the results obtained follows, and it will be 
observed that the acids constituting the several fractions give a 
pretty regular series of values for all constants determined. 


APPEARANCE OF THE SEVERAL FRACTIONS. 


White waxy mass like the scrapings of candles. 
White warty substance like soft tallow. 
Pale yellow solid, rather harder than butter. 

4. Buttery, dark brown mass. ‘The magnesium salt of this 
fraction was very stable and, upon being decomposed by acid, 
immediately oxidized to a dark brown color. The filtrate was 
colored bright yellow and had a peculiar odor, showing that some 
decomposition-product had been formed. 

5. Similar to 4, but somewhat softer. 

6. Similar to 1. 

7. Dark red-brown liquid, of comparatively low viscosity. 


Ww NH & 


Equivalent 
Melting- Mean mol. Saponification Iodine Bromine iodine 
point. weight. value. absorption. absorption. absorption. 
I 50.2 272.00 206.25 15.35 
2 37:2 276.03 203.24 69.74 ooee eces 
3 465 284.76 197.00 IOI.94 64.55 102.46 
4. °$h1 289.75 193.62 102.77 66.23 105.14 
&. 255 287.60 195.06 114.98 73.22 116.26 
6 55.2 268.11 209.24 9.51 5.32 8.45 
7 Liquid 286.07 196.11 137.61 85.91 136.39 


An examination of the several fractions and of their constants, 
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as given in the foregoing table, indicates the presence, particu- 
larly in the fourth fraction, of some unsaturated fatty acid which 
is readily oxidizable in the air. The melting-point and iodine 
absorption of this fraction suggest hypogaeic acid, and an ulti- 
mate analysis of the substance, twice repeated, gave a formula 
very nearly corresponding to C,,H,,O,.2H,O, except that the per- 
centage of oxygen was somewhat high. The presence of water, 
due to the impossibility of completely drying so oxidizable an 
acid, explains the high molecular weight of this fraction and the 
excess of oxygen is, of course, due to the oxidizability of the oil. 
From the foregoing evidence the presence of hy pogaeicacid as achar- 
acteristic acid of maize oil may be considered as conclusively proved. 

A separate investigation, in the method suggested by Renard,’ 
was conducted to determine the presence of arachidic acid. A 
small crop of crystals was obtained, showing the characteristic 
form of arachidic acid under the microscope, but the quantity 
recovered was too small for further investigation. 

The occurrence of stearic, palmitic, and oleic acids in maize oil 
was first reported by Hoppe-Seyler’® in 1866. He succeeded in 
isolating these acids, and their presence has since been confirmed 
by many observers. Linolic acid was first determined in 1894 
by Rokitiansky,* who prepared its oxidation-product, sativic or 
tetrahydroxystearic acid. This result is confirmed by a late ob- 
server, C. G. Hopkins,‘ of Cornell University, who finds a large 
percentage of linolic acid in corn oil. Rokitiansky also asserts 
the presence of a hydroxylated acid (probably ricinoleic) in the 
solid fatty acids, and this conclusion is rendered probable by the 
somewhat high acetyl figure (11.12-11.49) of the oil. 

A summary of the insoluble fatty acids shown to exist in the 
oil of maize is therefore as follows : 


Name of acid. Formula. Name of analyst. 
Stearic C,.H,,0, Hoppe-Seyler 
Palmitic CigHs,0, Hoppe-Seyler 
Arachidic Cop HO, Vulté and Gibson 
Hypogaeic CigHs902 Vulté and Gibson 
Oleic C,3H;,0, Hoppe-Seyler 
Linolic C,.H;,0, Rokitiansky 
Ricinoleic(?) CisH 3,03 Rokitiansky 


1 Allen: ‘‘Commercial Organic Analysis,” ITI (I), 134. 
2 Bull. Soc. Chim. (1866), [2], 6, 342. 

8 Ph. Russ. (1894), 712-713. 

4 This Journal, 20, 948. 








‘ 

















NATURE AND PROPERTIES OF CORN OIL. 7 


SOLUBLE FATTY ACIDS. 


In the determination of the constants of maize oil, the Reichert 
value (4.2-4.3) obtained as the result of a large number of tests 
was found to be higher than that of any other seed oil, cocoanut 
oil (3.5-3.7) coming next. The figures obtained for this 
constant by other analysts differ widely in value, running from 
0.0 to 6.7.2 The Reichert value and high percentage 
of glycerine indicate the presence of a notable amount 
of volatile acids and, as comparatively little attention has been 
paid to their determination, certain observers going so far as to 
doubt their existence, it was thought well to attempt their iden- 
tification, so far as possible. For this purpose the mixed acids were 
prepared as in the Hehner and Angell process, and the insoluble 
acids filtered off. An aliquot portion of the filtrate was then neu- 
tralized with decinormal potassium hydroxide, methyl orange indi- 
cator and the titration continued until neutral to phenolphthalein. 
The excess of decinormal potassium hydroxide of course rep- 
resents thesolublefatty acids. (Itwasfoundthat 1 gram of the oil 
required 0.0088 gram potassium hydroxide for the neutralization 
of its volatile acids, this corresponding to a Reichert value of 3.9 
and a mean molecular weight of about 130.) 

The larger part of the filtrate was then saturated with calcium 
chloride and allowed to stand. A small amount of oil separated 
out, showing the presence of acids higher than formic and acetic 
but lower in the series than lauric. No attempt was made to 
identify the acids in this fraction, but Rokitiansky reports the 
probablé presence of caproic, caprylic, and capric acids. 

A portion of the aqueous liquid was carefully separated from 
all oily drops and heated with alcohol and concentrated sulphuric 
acid. The fragrant and characteristic odor of ethyl acetate was 
produced in a marked degree, thus establishing the presence of 
acetic acid, an acid never before reported for maize oil. As a 
confirmatory test, ferric nitrate was added drop by drop to a por- 
tion of the original filtrate. The blood-red color characteristic of 
ferric acetate was obtained and responded to the usual tests for 
establishing its identity. 

Another portion of the original filtrate was treated with silver 


1 Hopkins. 
2 Morse: N. H. Expt. Sta. Bull. (1892), 16, 19. 
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nitrate and gently warmed. A marked precipitate of metallic 
silver was formed, this proving the presence of formic acid in corn 
oil. This acid was reported by Rokitiansky, but its occurrence 
has not been confirmed by any later observer. 

The soluble acids thus far determined in corn oil are therefore 
summarized as follows : 


Name of acid. Formula. Name of analyst. 
Formic CH,0, Rokitiansky 
Acetic C,H,0, Vulté and Gibson 
Caproic! C;H,.0, Rokitiansky 
Caprylic! C,H,,0, Rokitiansky 
Capric! CoH 290, Rokitiansky 


Scientific knowledge as to the properties of the various fatty 
acids is at present so scanty and fragmentary and the lack of 
any connected schefne for their analysis is so absolute that the 
complete investigation of any oil presents almost insurmountable 
difficulties. Further examination of corn oil is needed in order 
to establish or disprove the presence of caproic, caprylic, capric, 
and ricinoleic acids and also to determine the relative percentages 
of the various acids with accuracy. The present investigation 
adds to the known constituents of the oil, acetic, hypogaeic, and 
arachidic acids, and confirms the presence of formic acid, which 
was up to this timewonsidered doubtful. 





[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE NORTH 
CAROLINA DEPARTMENT OF AGRICULTURE. ] 
KILGORE’S MODIFICATION OF THE VOLUMETRIC METHOD 
OF ESTISMATING PHOSPHORIC ACID.’ 


By C. B. WILLIAMS. 


Received November 12, 1900. 

N the laboratories of fertilizer control stations and other insti- 
tutions where a large number of determinations of phosphoric 
acid are required to be made quickly and accurately each year, it 
has been recognized for some time as almost imperative that some 
method shorter than the ‘‘gravimetric’’ should be devised. In 
1894 Mr. Kilgore, then reporter on phosphoric acid for the 
Association of Official Agricultural Chemists, realizing this 


1 Probable only. 
2 Read before the November meeting of the North Carolina Section of the American 
Chemical Society. 
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urgent demand, was the first totake up systematically the task 
by first thoroughly investigating himself and then submitting, as 
reporter, to the test of the Association the modified volumetric 
method. In his report he gave credit to Mr. Henry Pemberton 
who had, the previous year, published the description of amethod 
based on this principle and which had been used very satisfactorily 
by a number of chemists. With this latter method, Mr. Kilgore 
had obtained fairly good but not uniformly good results. 

After considerable experimentation as regards precipitant, pre- 
cipitation, and filtration, he proposed a modification of this method, 
stating he had found that the modification gave him more 
satisfactory results with fertilizers. Since then each successive 
year has witnessed a still further modification until now we have 
a method that is used in a large number of laboratories in 
America with very gratifying results both in point of accuracy 
and rapidity. 

The writer was, during the past spring, enabled to precipitate 
by shaking, wash and titrate thirty phosphoric acid samples daily 
with great facility by the modified volumetric method. 

The reagents used are the same as those prescribed for the 
volumetric method by the Association of Official Agricultural 
Chemists except that the strengths of the standard solutions of 
potassium hydroxide’ and nitric acid are made up so that 1 cc. of 
each will represent 0.5 milligram of phosphoric acid, this being 
one-half the strength given in the Association method. 

The method as carried out is as follows : 

Totals are brought in solution in the usual way by boiling ina 
200 cc. flask, on a sand-bath, 2 grams fertilizer with 30 cc. con- 
centrated nitric acid and 10 cc. concentrated hydrochloric acid to 
about 8 or 10 cc. concentration, except in fertilizers containing 
much iron and alumina, in which instance 30 cc. concentrated 
hydrochloric acid alone is first added and boiled for about thirty 
or forty minutes ; then, after slightly cooling, 30 cc. concentrated 
nitric acid is added and the boiling continued unti] the excess of 
hydrochloric acid is removed. After cooling make up to volume 
and filter out aliquot portions or allow to stand several hours before 


1 The standard potassium hydroxide is freed from carbon dioxide by first dissolving 
itin 95 per cent. alcohol, letting settle and then filtering off by reverse filtration the 
supernatant solution free from the insoluble potassium carbonate. This method is much 
quicker and simpler than the barium hydroxide method. 
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measuring out. This latter is done in order that the supernatant 
liquid may become perfectly clear so it can be measured out with 
a pipette without filtration. 

Twenty cc. of solution corresponding to 0.2 gram fertilizer 
(except in samples containing over 20 per cent. of phosphoric 
acid, when 10 cc. is used) are measured into a 500 cc. Erlenmeyer 
flask, the inside diameter of whose neck measures about 40 mm., 
and to it is added 10 to 12 grams of ammonium nitrate and 50cc. 
of distilled water. Neutralize the excess of acid with ammonia. 
When the contents have cooled, 30cc. of recently filtered molybdic 
solution are added and the flask, after securely stoppering with 
a rubber stopper, is placed in-a Wagner shaking machine which is 
revolved by a hot air motor and here shaken for thirty minutes. 
The shaking machine is maintained at 45 to 55 revolutions per 
minute, as this velocity has been found to give the maximum 
agitating efficiency. Remove the flask from the shaking machine 
and filter and wash by suction on a filter prepared as follows : 

Through the rubber stopper in a 16-ounce pressure bottle of 
Erlenmeyer form is passed the small end of a carbon filter; in the 
bottom of this isa perforated porcelain plate or disk to which is 
rigidly fastened a No. 19 copper wire, about 25 cm. long, that 
projects downwards Jinto the pressure bottle. The disk is 
covered with a thin layer of asbestos. 

After thoroughly transferring the ammonium phosphomolyb- 
date and washing out the flask onto the asbestos filter, six more 
washings are given the precipitate. Then remove the stopper 
from the pressure flask with the small end of the carbon filter still 
stuck through it and hold upright over the sink and wash the 
outside free from acid with distilled water. Reverse the carbon 
filter into the mouth of the flask that originally contained the 
precipitate, still holding the small stem, and by means of the 
copper wire that extends beyond the small end of the carbon 
filter, push out the disk, asbestos and precipitate into the flask ; 
wash the disk and inside of carbon filter carefully and titrate, 
using a stirring rod about 30 cm. long to thoroughly agitate dur- 
ing the operation. 

In determining insolubles, 40 cc. of solution, corresponding to 
0.4 gram fertilizer, are taken. The precipitation, shaking, 
washing, and titrating are practically the same as with totals, 
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except that little or no water is added in preparing for precipita- 
tion. During the past spring 1,000 totals and 1,000 insolubles 
were made by the above method with not a single incomplete pre- 
cipitation, the yellow precipitate always coming down in a 
granular form that was easily filtered and washed. 

Distilled water must be used in washing, as the suspended 
matter in ordinary water, in case it contains any, will not only 
retard filtration, but will form a compact coating over the precipi- 
tate that will greatly increase the difficulty of effecting a solution 
of the yellow precipitate with standard alkali as well as obscuring 
the color change of the indicator. 

During the past year a large number of comparative results 
have been obtained in this laboratory on commercial fertilizers 
offered for sale in the State to test the volumetric method, as de- 
scribed above, with the regular official gravimetric method of the 
Association. In all instances results were extremely satisfactory. 

During the past summer, three samples (two of ground phosphate 
rock and one of American slag) sent out by the referee on phos- 
phoric acid for the Association of Official Agricultural Chemists, 
were analyzed with the following results : 


No. Gravimetric method. Volumetric method. 
13.45 
(13.55 13.50 
Sad «i cas osalesteteanes 
3°9 \ 13.43 13.51 
13.50 
(17.21 16.88 
| 17.23 16.93 
aa:., Geoadeasn eee cs 16.95 
ols 1 17.35 16.90 
| 17-33 
17.27 
{ 26.01 25.90 
: | 26.10 25.80 
391 se eee ereesesevece 26.11 25.85 
| 26.02 25.88 


It will be noticed that the gravimetric results on sample No. 
390 are perceptibly higher than those determined volumetrically. 
This is probably due to the presence of iron in the mag- 


1 Ground phosphate rock. 
2 American slag. 
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nesium pyrophosphate as a qualitative test, for iron revealed 
its presence there. As sample No. 391 contains 4.70 per cent. 


_ferric oxide, this may account for the: wider variation than in 


No. 389 between the gravimetric and volumetric results. 
RALEIGH, N. C. 





[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF LAFAYETTE 
COLLEGE. ] 
A METHOD FOR PREPARING NORMAL, SEMINORMAL, 
DECINORMAL, ETC., SULPHURIC ACID 
OF EXACT STRENGTH. 
By RICHARD K. MEADE. 
Received November rv, 1900. 

HE principal beauty of the normal system in volumetric 
analysis is the doing away with calculations. If then it is 
necessary to use a factor for converting to normal with a solution 
much of the usefulness of the system is destroyed. Unfortunately 
with by far the larger number of reagents used in volumetric 
analysis it is only with the greatest care that such solutions can 
be made of normal strength. Of the commonly used acid and 
alkali solutions, only oxalic acid and sodium carbonate can be 
prepared of exact strength, without first having another standard 
solution against Which to balance a preliminary and then the 
exact solution. Even then, the latter is frequently too wide of 
the normal value to be used without a factor. The writer has 
been for some time preparing normal, seminormal, and more par- 
ticularly decinormal sulphuric acid of exact strength by the method 
given below. The solution as prepared by this method needs no 
checking, except as a safeguard against errors of manipulation 

on the part of the analyst. 

If the electric current is passed through a solution of copper 
sulphate the salt is decomposed, copper separating upon the cathode 
and sulphuric acid at the anode. This latter remains in solution 
and is not decomposed by the current. Hart and Croasdale’ 
took advantage of this reaction to standardize alkali solutions. 
Their results were highly accurate. ‘The writer has frequently 
made use of this method of standardizing alkali and has 
obtained results far more satisfactory than by any other method. 


1 J. Anal. Chem., 4, 424. 
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SULPHURIC ACID. 13 


The method of preparing tenth-normal sulphuric acid by means 
of this reaction is as follows : 

12.487 grams of pure crystallized copper sulphate are dissolved 
in about 750 cc. of distilled water in a lipped beaker capable of 
holding about a liter. Into this solution, after cooling, is intro- 
duced a cylinder of copper foil attached to the minus (—) wire 
of an electric circuit. This copper cylinder may be made from 
0.015 inch copper foil. The foil is cut the required length (three 
times the diameter of the beaker + one-half inch) curled so that 
the ends lap, and holes punched through the two thicknesses of 
foil witha sharpnail. Wire is then run through the holes, fasten- 
ing the two ends of the foil together. A platinum rod for an 
anode is next passed through a perforated watch-glass covering 
the beaker into the copper sulphate solution. A current of 
electricity of from one to one and a half amperes is now passed 
through the solution for about eight hours; or all night if the 
decomposition is begun in the afternoon. In the morning the 
watch-glass is removed and rinsed off together with the cylinder 
and the rod into the beaker. The solution is then transferred to 
a liter graduated flask ; any copper which may have dropped off 
the cylinder into the beaker is to be washed well by decantation, 
rinsing the beaker at the same time into the flask. The contents 
of the latter are then diluted to the mark. 

The first few solutions made in this way were subjected to the 
following tests: 

A portion of the solution was carefully evaporated to small bulk 
and hydrogen sulphide passed into the liquid. No precipitate 
formed. 

Another portion of the solution was evaporated to a few cubic 
centimeters, ammonia added, and the test-tube stood upon white 
paper. No blue color. 

A third portion of the solution after evaporation was placed in 
a bright platinum dish, a drop of nitric acid added and a weak 
current passed through the solution. After one hour no copper 
stain appeared on the dish and the platinum was still bright. 

The results given by the first solution made when checked by 
volumetric and gravimetric methods are given below : 

An exactly tenth-normal solution of sodium carbonate, made 
by igniting pure bicarbonate and then dissolving 5.305 grams of 





| 
| 
| 
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the resulting sodium carbonate in a liter of water, was first used. 


Sulphuric acid solution 


Sodium carbonate solution required to neu- 
Check taken. tralize. 
No. cc. ce, 
Ives cee cccssicwicooes 25.0 25.0 
UE ER Ee, ST 25.0 25.1 
Bree ceeeeeeeeereees 15.0 15.05 
) ee ee 15.0 14.9 


A tenth-normal sodium hydroxide solution was next used. This 
solution was made by dissolving freshly cut clean bright pieces of 
metallic sodium in water contained in a silver dish and covered 
with a large inverted funnel. It was preserved ina large bottle 
and drawn off for use by means of a siphon passing through the 
stopper of the bottle. All air entering the bottle passed through 
a soda-lime tube, capped when notinuse. This sodium hydroxide 
solution had been checked against a fifth-normal hydrochloric 
acid solution which in its turn had been standardized by precipi- 
tation with silver nitrate. It was also checked by the copper 
sulphate and battery method of Hartand Croasdale. These checks 
established a factor 0.99501, for converting to tenth-normal. 


Sodium hydroxide Equivalent volume Sulphuric acid 
Check solution taken. of N/1osolution. solution required. 
No. cc. ce. ce. 
I ccvcce cee #710 X 0.995 = 9.95 10.0 
QZ eeeccevees Io X 0.995 = 9.95 9.9 
3 vecceeeeee 20 X 0.995 = 19.9 19.9 


Finally 25 cc. of the sulphuric acid solution were acidified with 
a few drops of hydrochloric acid, heated to boiling, and an excess 
of a hot 10 per cent. solution of barium chloride slowly added 
with constant stirring. After standing all night the precipitate 
was filtered off, ignited, and weighed. 


1. Weight of barium sulphate. ....+..sseeeee sees eeeeees 0.2923 gram. 
The molecular weight of barium sulphate is 233.46 ; hence, 25 cc. 
of a tenth-normal solution should give pe ca na = 0.29183 


2X 10X 1000 
gram barium sulphate. The solution is therefore a little under 
tenth-normal, or 2923 : 2918 :: #: 1; x = 1.002, which gives 
the factor for converting to tenth-normal. 


2. Weight of barium sulphate.........cseceeesecceceecs 0.2938 gram. 
Rien tee tae Oo wank bia ak seb sce edl Sree cecday 1.003 
Average factor for the two determinations.............. 1.0025 
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Of course results by precipitation with barium sulphate would be 
worthless, if the absence of copper had not been previously 
proved. 

Since making this solution, the writer has repeatedly made 
normal and fifth-normal solutions by this method ; it was not 
until recently though, that he had occasion to make a normal 
solution. In this case, 124.87 grams of copper sulphate were dis- 
solved in 800 cc. of water and decomposed by a current of 2.5 
amperes. The decomposition was complete in about twelve 
hours, though the current was allowed torun nearly eighteen. 
After making up to a liter, the strength of the solution was taken 
against the sodium carbonate solution mentioned above with the 
following results : 


Sulphuric acid solution taken. Sodium carbonate solution required. 


cc. ce. 
5.0 50.1 
5.0 50.2 
5.0 49.8 
5-0 49.95 





Average, 50.025 
100 cc. of the normal solution were then diluted to 1000 cc. in 


a graduated flask, and after mixing tested against the N/1o 
sodium hydroxide solution mentioned above. 


Sodium hydroxide solution Equivalent volume of Sulphuric acid 
ak N/to alkali solution. required. 
ce, : ce. ee. 

10.0 x 0.995 = 9.95 10.1 
10.0 ~ 0.995 = 9.95 10.0 
10,0 x 0.995 = 9.95 10.0 
10.0 x 0.999 = 9.95 9-95 
10.0 x 0.995 = 9-95 . 9-95 





Average, 10.00 


All of the solutions made by this method have been checked 
against the sodium hydroxide solution, with the result that 
the strength of the sulphuric acid solution is always the desired 
one. 





[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF CASE SCHOOL 
OF APPLIED SCIENCE, No. 38.] 

A COMPARATIVE METHOD FOR DETERMINING THE 

FUSING-POINTS OF ASPHALTS. 

By CHARLES F. MABERY AND OTTO J. SIEPLEIN. 

Received November 14, 1900. 

INCE all asphaltic bodies are complex mixtures of hydro- 
carbons with different melting-points, it is evidently quite 
out of the question to determine even approximately the melting- 
points of the asphaltic mixtures. The elements of time and 
temperature must be taken into account. A product that softens 
slowly under the influence of a summer’s sun, may not fuse com- 
pletely below 100° under the influence of heat suddenly applied. 

The methods for determining these melting-points hitherto 
employed by manufacturers and consumers are extremely crude ; 
such for example as inserting a thermometer into the melted 
material, allowing the adhering mass to harden, and then holding 
it over a flame and noting the temperature at which it softens 
and falls off. Every manufacturer, therefore, and those who use 
his products, have f@lt an, imperative need of a method that should 
enable them to ascertain with some degree of accuracy the quality 
of every quantity of material produced. Such a method must be 
simple and capable of application by any person who is able to 
read a thermometer. There must be few variable elements, 
which would affect seriously the accuracy of the observation, and 
those that must remain constant must be clearly defined. 

Having been called upon to suggest a method that should 
fulfil these requirements, one of us (Mabery) proposed the one 
to be described which seems to promise reliable results. Ina 
glycerine-bath in a beaker of moderate size is placed a narrow 
-beaker closed with a cork through which is passed a,thermometer. 
There is also inserted through the cork close to the side of the 
narrow beaker, a strip of metal, one-half inch wide, bent over the 
side of the beaker as a support, and extending to within } inch of 
the bottom of the beaker. The lower end of the metal strip is 
bent at right angles and the narrow corners are bent upwards. 
The bend in the metal is used as a support for the section of 
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asphalt, which is pressed on the points, formed by the corners of 
the metal. The dimensions of the apparatus used by us are given, 
but evidently the only constants need be the distance of the ther- 
mometer from the specimen, the distance of the metal from the 
bottom of the beaker, the width of the metal strip, and the 
dimensions of the specimens to be tested. With the metal 
strip 4 inch wide the specimen to be tested is cut or molded 
of sufficient lengh to project } inch on either side of the 
metal. The observation consists in noting the temperature 
at which the specimen softens and becomes sufficiently 
fluid to fall on either side of the metal support and just 
touch the bottom of the beaker. The dimen- 
sions of the different parts of the apparatus are 
given with the illustration. We found it conve- 
nient to place a disk of copper or iron on the 
bottom of the inside beaker, since it could be re- 
moved after the observation, and the asphalt that 
had fallen more conveniently cleaned than from 
the bottom of the beaker. While a Bunsen gas 
flame is the more convenient source of heat, an 
alcohol or an oil lamp can be used when gas is | 
not at hand. Evidently the time of heating 
should not vary widely, although we have found 
as will appear that a variation of five minutes 
had no appreciable effect on the melting-points. [>— ea 
The apparatus used in the determinations dew |_—===: 
scribed in this paper had the following dimen- ~~ 
sions which are given in inches that they may be readily under- 
stood by any manufacturer. The only dimensions that must be 
constant were mentioned above : 




















Inches, 
Width of outside beaker... ..0.0ccccccccsesccvecccccsccccce 2} 
Height of - COO) | tant cenit death cara ela cage picdaa o> oa Cains 33 
Width of inside beaker ......ccccccccccccccvcces naaiaetetaa 13 
Height of $6 hate cccccccccssecccccccccesececece 4} 
Width of metal support ......cccsccccccccccccccccccscses Pt 
Length of lower bend of support......-+++ssseeeeceeeeeees $ 
Distance of specimen from false bottom of beaker -......-: 4 
Distance of thermometer from specimen ----+-+++++++e++ee+ t 
Standard size of specimen........ccceccccoscscecoece 1x4x} 


2-23 
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In testing the efficiency of this method, the fusing-points of a 
variety of asphaltic materials were determined. Observations 
were made of the initial temperature, of the temperature at the 
time when the softened material just touched the bottom of the 
beaker, and of the time of heating. The effect of varying the 
dimensions of the specimen on the fusing-point was also observed. 

Specimen 1, byerlyte. 

Dimensions of specimen, 1” x} x }”. 

(1) Time, ten minutes ; temperatures, 30°-132° fusing-point. 

(2) Dimensions of specimen, 1’ x }’ x}. Time, five minutes; 
temperatures, 20°-131° fusing-point. 

To determine the influence of thickness, the following experi- 
ments were made with the same material as in (1) and (2) : 

(3) Dimensions, ~’x43’x1}"; time, eleven minutes; tem- 
peratures, 40°-139° fusing-point. 

(4) Dimensions, }” x +’ x}” ; time, 14 minutes ; temperatures, 
60°-137° fusing-point. 

(5) Dimensions, }’x43’x7,"; time, ten minutes; tem- 
peratures, 30°-135° fusing-point. 

Evidently variation in thickness within these limits has little 
effect on the fusing-point. 

The effect of even higher initial temperature was shown in the 
following experiments on the same material as in (4), with the 
same dimensions. 

(6) Time, eight minutes ; temperatures, 50°-135° fusing- 
point. 

(7) Time, nine minutes ; temperatures, 70°-135° fusing-point. 

Specimen 2, slightly less fusible ; same dimensions as in (4). 

(8) Time, six minutes ; temperatures, 45°-138° fusing-point. 

(9) Time, seven minutes; temperatures, 45°-142° fusing- 
point. 

Specimen 3, byerlyte. 

(10) Time, twelve minutes; temperatures, 30°-174° fusing-. 
point. 

(11) Time, eleven minutes; temperatures, 40°-175° fusing- 
point. 

A series of fusing-points were taken in a bath maintained at a 
constant temperature, approximately 180°. In all-the following 
determinations the specimens were one inch in length : 
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(12) Same material as in (1); time, six minutes; tempera- 
tures, 40°-130° fusing-point. 

(13) Specimen 4, soft byerlyte; time, three minutes; tem- 
peratures, 20°-95° fusing-point. 

(14) Same starting with cold bath ; time, five minutes ; tem- 
peratures, 20°-95° fusing-point. 

(15) Same as (13); time, five minutes ; temperatures, 35°-95° 
fusing-point. 

Specimen 5, very hard, nail made no impression. 

(16) Starting with cold bath ; time, ten minutes ; temperatures, 
40°-142° fusing-point. 

(17) Same as (16); time, eight minutes; temperatures, 
50°-145° fusing-point. 

(18) Same as (16) and (17), bath at 180°; time, four minutes ; 
temperatures, 45°-143° fusing-point. 

Specimen 6, gilsonite ; hard, slightly indented with nail. 

(19) Time, three minutes; temperatures, 55°-100° fusing- 
point. 

Same starting with cold bath : 

(20) Time, four minutes ; temperatures, 20°-97° fusing-point. 

Same, cold bath : 

(21) Time, four minutes ; temperatures, 35°-98° fusing-point. 

Specimen 7, byerlyte, hard, indented with nail. 

(22) Bath, 230°-240° ; time, seventeen minutes ; temperatures, 
50°-217° fusing-point. 

(23) Time, sixteen minutes; temperatures, 30°-214° fusing- 
point. 

Specimen 8, gilsonite, brittle. 

(24) Bath, 180°; time, seven minutes; temperatures, 25°—150° 
fusing-point. 

(25) Time, six minutes; temperatures, 30°-147° fusing-point. 

Specimen 9, Trinidad asphalt, very brittle. 

(26) Bath, 180° ; time, three minutes ; temperatures, 30°-105° 
fusing-point. 

(27) Time, four minutes; temperatures, 40°-103° fusing- 
point. 

Specimen 10, Egyptian asphalt, very brittle. 

(28) Bath, 180° ; time, three minutes ; temperatures, 45°-91° 
fusing-point. 
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(29) Time, four minutes; temperatures, 25°-90° fusing- 
point. 

Specimen 11, hard pitch, brittle. 

(30) Bath 180°; time, three minutes; temperatures, 30°-93° 
fusing-point. 

(31) Time, three minutes; temperatures, 50°-92° fusing- 
point. ; 

The substances tested in this examination differ widely as 
shown above in appearance and structure. Some are very brittle, 
others are tough and sectile. It is interesting to note that the 
brittle specimens have much lower fusing-points. In preparing 
the specimens from the sectile products it is easy to cut the sec- 
tion with a knife. The easier way to prepare specimens from the 
brittle bodies is to melt a portion and pour he proper amount 
into a mold of wood or metal. 

Evidently the fusing-points are entirely arbitrary, depending 
on the size of the constants, so that by varying these constants 
any desirable fusing-points may be obtained. But it is quite 
clear from the results we have obtained that the fusing-points. 
obtained with any constants adopted may be depended on. 

The use of a hot bath as shown above gives the same values, 
and it saves much time where a large number of specimens may 
have to be tested. 

Inspection of the results given above shows that the variation 
in fusing-points is not more than two or three degrees at most, 
and for the most part there is no variation. Probably by close 
attention to details there need not be a variation of more than 
one degree. But the variations of two or three degrees is 
sufficiently accurate for practical application, especially as com- 
pared with determination, such as that alluded to above, in which 
the specimen is melted on a thermometer bulb. 

With reference to the dimensions of the specimens, evidently 
the length of the proportion projecting on either side of the sup- 
port must not vary ; but any slight variation in the thickness or 
the width does not affect the results. It is also evident that the 
time between the initial and fusing temperatures need not be 
rigidly adhered to. 

For the determinations of fusing-points above the boiling- 
points of liquid baths, an air-bath must be used. 
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STUDIES ON SOLUTIONS OF TIN SALTS. 


i. ELECTRICAL CONDUCTIVITY OF SOLUTIONS OF STANNOUS 
CHLORIDE AND HYDROCHLORIC ACID. 


By S. W. YOUNG. 
Received October 24, 1900. 

HE following paper contains the first results of an investiga- 

tion, which I hope soon to carry further, into the static 

conditions existing within solutions consisting of water, acid, and 

stannous salt, as well as the influence of other salts on such con- 

ditions. I hope by means of the knowledge thus acquired, to 

make some research into the velocity of reduction of various rea- 

gents by stannous chloride solutions, and thus, possibly, throw a 

little light on some of the existing anomalies in the field of chem- 
ical kinetics. 

For example, there remains still unexplained the curious fact 
observed by Noyes' that in the reduction of ferric chloride by 
stannous chloride the order of the reaction is apparently displaced 
by addition of hydrochloric acid from one of the third order to 
one of the second. , 

It seems to me that up to the present, sufficient attention has 
not been directed toward the strict definition of the reagents in 
inorganic investigations. One has generally been contented with 
determining some one concentration in the solution; ¢. g., hydro- 
gen ions, or with working at great dilutions under the assump- 
tion that all of the reagent was dissociated, and that no other 
influences were present. 

In many cases such procedure is wholly sufficient, but, as for 
example in the case of stannous chloride solutions where hydrol- 
ysis and complex molecule formation may (and do) enter in as 
complicating factors, a more accurate definition of the reagent is 


absolutely necessary. - It was with this idea in mind that the fol- 


lowing measurements of the electrical conductivity of solutions of 
stannous chloride and hydrochloric acid in water were made. 

The method was the usual one of Kohlrausch with Wheat- 
stone’s bridge and telephone. “The little apparatus shown in Fig. 1 
served as the conductivity flask. Since the measurements ex- 
1 Ztschr. phys. Chem., 16, 546 (1895). 








22 Ss. W. YOUNG. 


tended through a very considerable range of concentrations it was 

necessary to have three such flasks with different capacities, the 

capacities being varied simply by using different sized glass tu- 
bing for the U-shaped parts of the 

i flasks. Measurements were made 
at 25° C. in an Ostwald thermo- 
stat, and at o° C. in an ice ther- 
mostat. The conductivities are 
calculated as specific conductivi- 
ties in reciprocal ohms. 

The solutions were prepared 
by taking a 100 cc. measuring 
flask, filling it to the mark with 
hydrochloric acid of accurately 
known strength. Roughly 
weighed amounts of pure crystal- 

lized stannous chloride were then 

added, brought into solution, and 

the liquid made up to 105 cc. 

The concentration of the hydro- 

* chloric acid in the solution was 

RF ap thus 122 of that of the acid used. 

The concentration of the stannous salt was readily determined by 

titration with standard bichromate, using potassium iodide and 
starch paste as indicator. 

Hydrochloric acids of concentrations varying fromo.25 normal to 
nearly 8 normal were used. With each acid from six to eight differ- 
ent solutions were made, varying as to concentration of stannous 
chloride from zero to approximately normal. No attempt was 
made to prepare solutions that were exactly normal, 0.5 normal, 
etc., because of the somewhat uncertain composition of the crys- 
tallized stannous chloride used.’ Following (Table I), are the 
tabulated results of the series of measurements at 25° C. The 
first columns contain the concentrations of stannous chloride in 
gram equivalents per liter ; the second columns contain the val- 


1A beautifully white, crystallized stannous chloride, which dissolved perfectly in pure 
water when the solution was not made too dilute, and whose hydrolyzed solutions cleared 
up immediately upon the addition of a few drops of acid, was obtained from Kahlbaum. 
The salt showed a distinct tendency to effloresence, and from analyses showed itself to be 
nearly free from impurity. 
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ues of the specific conductivities in = xX 10°; the third col- 


ms 
4K X 10° 


Csne1 





umns contain the values , 2. €., the change in the con- 


2 
ductivity as a result of addition of stannous chloride, and calcu- 
lated to the unit of concentration. A minus sign indicates a 
decrease of the conductivity, a plus sign an increase. 


TABLEI.—CONDUCTIVITY OF SOLUTIONS OF STANNOUS CHLORIDE IN AQUE- 
ous HYDROCHLORIC ACID AT 25° C. 


With 4 normal HCl. With normal HCl. 


With } normal HC1.! 






































SnCly, AK X 10f " ¢ SnCly AK x1ot , SnCl? AK x 104, 
2 K xX tot, r 2 K X rot” e*." 2 K X tof, € 
0.000 900.3 eee 0.000 =—-1738 ° 0.000 2045 «eee 
0.0605 914.7. +238 0.c6r 1738 «eee 0.063 2045 oo 
0.1180 929.0 +243 0.122 1740 +16 O.III 2045 00 
i 0.1810 946.4 +255 0.247 1746 +32 0.238 2045 oo 
: 0.2490 960.5 +242 0.366 1751 +36 0.391 2045 00 
; 0.3125 977-4 +247 0.465 1756 +39 0.607 2040 —8 
: 0.5830 I041.0 +243 0.575 1759 -+37 0.620 2032 —I4 
w I.1050 1123.0 +202 1.045 1794 +46 eee 
With ? normal HCl. With normal HCl. With 13 normal HCl. 
. ¢ Sache AK x 1ot (, SnCly_ AK x tot“, SnCly AK x 108 
; 2 K X tot, € 2 K X tot, c 2 K X tot, Cc 
0.000 2495 — -eees 0.000 3205) «---- 0.000 3860 ..... 
0.058 2493 —34.5 0.013 3202 —23I 0.066 3848 —182 
0.119 2489 —50.0 0.053 3190 —283 0.192 3827. —172 
0,240 2479 —64.0 0.100 63187. —180 0.310 3805 —1I77 
| 0.345 2473 —64.0 0.3125 3157 —I57 0.475 3782 —164 
i 0.475 2462  —70.0 0.4950 3128 —I55 0.665 3748 —169 
0.585 2457 —65.0 0.700 3107 —I40 0.990 ' 3700 —162 
0.990 2425 —70.0 1.000 3093 —II7 eas ween « lepaiee 
With 13 normal HCl. With 2 normal HCl. With 23 normal HCl. 
SnCle AK x 10, SnCly AK X10, SnCle AK x tot 
Cy” Baek ec SS ak CU a 
0.000 4447 = eeees 0.000 5478 — eeeee 0.000 6330) «eee. 
0.070 4429 —257 0.073 5456 _ —30I 0.064 6305 —390 
0.195 4408 —200 0.182 5434 —242 0.178 6262 —380 
0.300 4389 —I193 0.305 5401 —250 0.280 6244 —307 
0.465 4357 —193 9.485 5352 -—260 0.455 6205 —272 
5 0.615 4332 —187 0.660 5316 —245 0.635 6152 --280 
I.01l0 4249 —196 0.988 5226 —254 0.995 6053 —278 
1 These figures indicate the strength of the acid used in making the solutions and are 
to be multiplied by }$2 in order to get actual concentration in the solution as prepared. 
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24 
With 3 normal HCl. With 4.28 normal HCl. With 7.7 normal HCl. 
¢ Such, AK Xrof  SnCly AK X1of | SnCk AK x tot 
2 K X rot. ¢ 2 K X Iot, Cc 2 Kot, C 
0.000 6985 «ee. 0.000 8050 .«-+-- 0.000 8250 «««-, 
0.065 6963 —336 0.060 8032. —300 spat. Pemiie's 
0.192 6916 —360 O.1§l 7997. —35T + e+ cove neces 
0.300 6882 --343 0.236 7971 —336 = coe seer seers 
0.420 6850 —32I O:4IS JQO07 —34O ” 102 ceee soars 
0.580 6803 —314 0.560 7866 —327 bates) 3 Paw sig) | Seeeials 
0.995 6686 —300 0.885 7741 —349 0.985 7854 —402 


In Table II are collected the results of an exactly similar set of 
In this set of observations 
only four concentrations of stannous chloride for each concentra- 
tion of hydrochloric acid were used, and some concentrations of 
hydrochloric acid measured at 25° C. were omitted from this set. 


measurements, carried out at 0° C. 


TABLE II.—CONDUCTIVITY OF SOLUTIONS OF STANNOUS CHLORIDE IN 
AQUEOUS HYDROCHLORIC ACID AT 0° C. 
With 3 normal HCl. 


With } normal HCl. 


With normal HCl. 


























d je SnCle AK X1ot |, SnCl; AK X 10t . SnCly 4K X 108 
“2 ° KX tot. ce. DB aREIOS.. ore ee a OS a aR 
0.000 580,I «eee. 0.000 =III7 sees 0.000 2074 
0.272 620.0 +147 0.295 1126 +30 0.449 2032 —93 
0.655 664.9 +130 0.745 1134 +23 0.770 2009 —84 
1.045 701.3 +1I¢ 1.165 II41 +21 I.0go =: 1981 —76 
With 2 normal HCl. With 3 normal HCI. With 4 normal HCl. 
‘ SnCly AK x tot - SnClo 4K x 10# , SnCle 
@-  -eae*. Cc 2 . ist: ve. ™ 2. KX 104, AK X tot, 
0.000 3545 ceee- 0.000 4535 see 0.000 5160 
0.290 3500 —I55 0.327 4482 —160 0.293 5095 —222 
0.690 3432 —164 0.710 4404 —184 0.670 5010 —224 
1.005 3378 —166 1.035 4341 —188 0.965 4939 —229 
With 5.79 normal HCI. 
SnCl. AK * rot 
. a K x tof, rey 
0.000 5600 Jat 
0.290 5599 are i: 
0.660 5411 —290 
1.025 5293 —301 


In Table IIIa, is given a summary of the results given in Table 


I for normal.solutions of stannous chloride. 


In the first column 


are the concentrations of the hydrochloric acid used in making 
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up the solutions; in the second column the conductivities in 
pr x 10‘ for solutions containing no stannous chloride; in the 
third column the corresponding values for solutions whose con- 
centrations in stannous chloride were approximately normal ; in 
the fourth column the differences of the first two columns divided 
by the actual concentration of the stannous chloride (always very 
near to normal) ; 7. ¢., the eguivalent influence of stannous chloride 
upon the conductivity of hydrochloric acid solutions; in the fifth 
columns the same values calculated in percentages of the conduc- 
tivity of the pure hydrochloric acid solution. 

Table IIId contains the same results for the measurements at 
oe” €. 
TABLE IIIa.—SUMMARY OF VALUES OF CHANGES IN CONDUCTIVITY OF 

HYDROCHLORIC ACID BY NORMAL, STANNOUS CHLORIDE AT 25° C. 


K x tot, K x tot, _4 K x tot 
Cucl. SnCle == 0. SnCly = N. Cn : Per cent. 
0.25 N 900.3 1123 +202 +22.44 
0.50 1738 1794 + 46 + 2.17 
0.60 2045 2032 — 13 — 0.60 
0.75 2495 2425 - 70 2.81 
1.00 3205 3093 Ti? — 3-64 
1.25 3860 3700 ~162 — 4.20 
1.50 4447 4249 —196 - 4.41 
2.00 5478 5226 254 4.50 
2.50 6330 6053 —27 — 4.40 
3.00 6985 6686 —300 — 4.35 
4.28 8050 7741 —349 — 4.02 
7.70 8250 7854 —402 — 4.81 
TABLE III6. CORRESPONDING VALUES AT 0° C. 
K x 104, K x tot, AKx 1o* | 
Cucl. SnCly = o. SnCl, = N. Cn Per cent. 
0.25 N 580.1 701.3 —II5 +19.82 
0.50 IlI7 II4I + 21 + 1.85 
1.00 2074 1981 — 76 — 3.67 
2.00 3545 3378 — 166 — 4.68 
3-00 4535 4341 —188 — 4.14 
4.00 5160 4939 —229 — 4.44 
5-79 5600 5293 —301 — 5.38 


The foilowing curves will make the relationships between the 
values given in the tables, somewhat more readily comprehensible. 
In the set of curves, Fig. 2, are plotted as abcissas, the concen- 
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trations of hydrochloric acid, and as ordinates the changes in the 
conductivity, brought about by the addition of stannous chloride. 
The curve with continuous line is for normality in stannous 
chloride, at 25°C. ; the curve with dotted line is for normality in 
stannous chloride ato°C. In the set of curves, Fig. 3, are the 
same values calculated to percentages. 


DISCUSSION OF THE RESULTS. 


The method of determining variations in the electrolytic con- 
ductivity of mixed electrolytes as a test for the formation of 
molecular complexes in such solutions, is by no means new. 
Thus, Peters' measured the conductivities of solutions of ferrous 
and ferric salts, and the influence of sodium fluoride upon the 
same. From the results of his work, he concludes that complex 
molecules are formed in the case mentioned, and the conclusion 
is supported by measurements of freezing-points, transference 
numbers, and electromotive forces. 

Also the idea, that solutions of stannous salts containing excess 
of acid were prone to form complex molecules in solution, is not 
new. From the great increase in the solubility of stannous 
chloride, in solutions of increasing concentration of hydrochloric 
acid, Engel’ concluded that in such solutions, the formation of 
complex molecules occurred. In previous papers by me,’ a 
similar condition was shown to exist for stannous iodide and 
hydriodic acid, and it was further shown that at moderately low 
temperatures, a compound, probably SnI,HI, crystallizes out 
from solutions not too dilute in hydriodic acid. 

That a reduction of the total conductivity of the solution to a 
point far beyond what is to be expected from any theory of 
mixed electrolytes, occurs upon the addition of stannous chloride 
to moderately concentrated hydrochloric acid solutions, is very 
definitely proved by the above measurements. By reference to 
Table IIIa, it will be seen that the addition of stannous chloride, 
to normality, to a 0.25 normal solution of hydrochloric acid, con- 
ditions an increase of conductivity of 202 units.‘ Neglecting the 


1 Zeit. phys. Chem., 26, 193 (1898). 

2 Ann. chim, phys., 17, 338 (1889). 

3 This Journal, 19, 845 and 851 (1897). 

4 It is quite possible that this number is too low from some. experimental error 
(c.f. Table I). It may be mentioned here, in passing, that what little evidence is at hand, 
seems to indicate that the hydrolysis constant of stannous chloride, is a fairly large one, 
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influence of this concentration, of hydrolysis, molecular complex 
formation, and of variations from the fact that the solutions are 
not isohydric, we can get a very rough idea of the magnitude of 
the conductivity of stannous chloride in normal solution, the 
value being 202, a number of a magnitude comparable with the 
corresponding value for cadmium bromide (about 200), or cadmium 
chloride (about 230). Wheno.5 normal hydrochloric acid is used, 
the increase is only 46 units. With 0.6 normal acid there occurs 


a small reduction (—135 < 10‘ or 0.6 per cent. ). With stron- 


ger acids a reduction in the conductivity always occurs which be- 
comes larger as the strength of the acidincreases. The conduct at 
o C. (Table III4) is wholly analogous to that at 25° C. A 
curious thing is to be noticed in Fig. 3. The percentage 
influence of normal stannous chloride on hydrochloric acid 
solutions of increasing concentration shows a maximum at about 
double normal hydrochloric acid. From this point on, the per- 
centage influence decreases to a minimum at about 4 normal hydro- 
chloric acid at 25° C., and at about 3 normal hydrochloric acid at 
o° C. From these minimum points on, the percentage influence 
again increases with increasing concentration of hydrochloric 
acid. The counterpart of this peculiarity is to be distinctly 
seen in Fig. 2. In the curve for 25° C., it appears as a 
mere flattening of the curve, while in the curve for 0° C., an 
actual change in the direction of curvature is to be seen. As to 
the physical significance of these peculiarities, perhaps the 


and that a very considerable degree of hydrolysis occurs even in moderately acid solutions 
of the salt. It is further quite probable that the hydrolysis is a reaction requiring a very 
considerable amount of time for its completion. Both of these statements are rendered 
likely from the results of the following experiment: A 0.2 normal solution of hydrochloric 
acid was taken, and to it, some stannous chloride was added. The solution was then placed 
in the conductivity flask (Fig. 1), and placed in the thermostat at 25° C. The conductivity 
measured immediately,was 843.7. After twenty-five minutes it was 850, after sixty-five min- 
utes 852 ; and after 1100 minutes, 870.4. This increasing conductivity can easily be explained, 
as due to progressing hydrolysis. The solution remained clear throughout the whole time. 
That the phenomenon was not due to oxidation, is indicated by the fact that a similar ex- 
periment with stronger acid (0.5 normal) gave constant readings for twenty-four hours. It 
was also observed that rather concentrated solutions of stannous chloride have the power of 
dissolving very considerable quantities of hydrolyzed stannous chloride (oxychloride). 
Thus it appears probable that stannous chloride may become hydrolyzed to a very consider- 
able extent without separation in an insoluble form of oxychloride. This probability is 
rendered greater by evidence derived from a study of the oxidation of stannous chloride 
to be published in a subsequent paper. If true, the fact would have an important bearing 
on the work of Noyes, ‘‘On the Reduction of Ferric Chloride with Stannous Chloride” 
(g.v.). The whole matter of hydrolysis will be made the subject of a special investigation. 


' 
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simplest and most satisfactory explanation would be to assume 
that in stannous chloride and hydrochloric acid solutions, there 
are two distinct kinds of molecular complexes formed. For 
example, at low concentrations, we may assume that 
the equilibrium, SnCl,+ HCl72HSnCl,, plays the chief 
réle, while at high concentrations, the equilibrium 
H.SnCl, + HCl 72 H,SnCl, (or some similar one) becomes 
more and more noticeable. In other words, we may have two 
equilibria, one very sensitive to dilution, the other very consider- 
ably less sensitive. Plotting these conditions graphically for the 
two equilibria independently of one another, in such a way that 
the ordinates represent the concentration of the dissociated part 
(left-hand members of the above equations) and abscissas either 
the total concentrations or undissociated concentrations, we should 
get curves similar to those in Fig. 4, a@ being for the more sensi- 
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tive, and 4 for the less sensitive equilibrium. Then let cd repre- 
sent the zero concentration for the dissociated part of the first 
equilibrium and ¢f that of the second. Then for the first curve 
there will be a point K’ where the influence of the second equi- 
librium will become measurably large and a similar point K’’ 
where the measurable influence of the first reaction will become 














Fig. 4. 


constant because one component (in the conditions of the above 
experiments the free stannous chloride) will have ceased to exist 
in the solution. Between K’ and K” will be a field where both 
condensation products (in this case assumed to be HSnCl, and 
H,SnCl,) will be measurably removed from complete dissociation 
and from complete association. In this field the condition will be 
a resultant of the two equilibria, dependent upon the values of 
the two equilibrium constants. The path of the curve between 
K’ and K” could be determined if these two constants were 
known. If we consider that the reduction of the conductivity of 
such solutions is even qualitatively a measure of the degree of 
association we get a very simple explanation of the above- 
mentioned peculiarities. Further, also, we get an explanation of 
the fact that the abnormal course of the curve is more marked at 
o° C. than at 25° C. if we assume that the equilibrium which is 


© 
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more sensitive to dilution is also more sensitive to temperature 
changes (z. ¢., has a greater heat of reaction). In this case the 
association consequent upon reduction of temperature will be 
greater in the case of the first equilibrium than in the second and 
the curves (Fig. 4) will take on more of the form shown in the 
dotted lines and the buckle in the curve will be sharper. 

It may be mentioned that the above considerations are in no 
way in disaccord with the general principles of equilibrium. No 
assumption is made that the two equilibria are independent of 
one another, but merely that at great dilutions, the influence of 
the one, and at small dilutions the influence of the other, becomes 
insignificant. Itis by the same assumption that we neglect the 
influence of hydrolysis in moderately acid solutions of most salts. 

In the above, the assumption is made, for sake of illustration, 
that the two equilibria in the solutions are represented by the 
two equations : 

HCl + SnCl 7% HSnCl, (1) 
HCl + HSnCl, 2 H,SnCl,. (2) 


It may be stated that, so far as the work has gone at present, 
there is no particular evidence that this assumption is well founded. 
All the evidence that we really have as to the probable com- 
position of these molecular complexes, comes from our knowl- 
edge of the molecular complexes that are known to exist in the 
solid state, such as Engel’s (1. c.) SnCl,.HCl.3H,O, iodostannous 
acid, HSnI,, and the various double salts of tin, and we have really 
no ground for assuming that the complexes that exist in solution, 
stand in any fixed or simple relation to those that exist in the 
solid state. Only further investigation will be able to clear up 
these points. 


and 


THE INFLUENCE OF POTASSIUM CHLORIDE. 


The following measurements were made with the view of gain- 
ing some idea as to the relative tendencies of potassium chloride 
and hydrochloric acid to form molecular complexes with stannous 
chloride. The difficulties of calculation of this influence from 
conductivity data are, as will be seen, very considerable. 

In Table IVa are given measurements of the conductivities of 
solutions of stannous chloride in solvents which were always 0.5 
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normal in hydrochloric acid and of varying concentrations as to 
potassium chloride. In Table 1Vé are similar measurements for 
solvents of normal concentration in hydrochloric acid and variable 


potassium chloride. Table V contains a summary of values from 
these two tables for normality in stannous chloride. 


TABLE IVa. INFLUENCE OF KCl. 


RESULTS WITH } NORMAL HCl. 

















3 normal KCl. #normal KCl. * 
¢ SnCle, AK x rot ¢ Sncle | 4K x 108 
2 K X Io4, Cc 2 K x of, ~ 
0.000 187I wwe ee 0.000 2152 cece 
0.0255 1868 —117. ; 0.066 2146 —9I 
0.058 1866 —86 0.200 2144 —40 
0.147 1874 +20 0.328 2142 —35 
0.312 1878 +21 0.430 2141 —26 
0.488 1879 +16 0.565 2138 —25 
1.045 1898 +26 1.015 2132 —z20 
Normal KCl. 2 normal HCl. 
¢ SnCle, AK x lot é SnClo AK x 10 
2 K x 104, > 2 K iot,- c 
0.000 2498 seers 0,000 3285 ew eee 
0.037 2493 E99 0.032 3275 —3I2 
0.0535 # 2490 —149 0.057 3266 —333 
0.1140 2478 —175 0.165 3251 —2I10 
0.1265 2477 —167 0.296 3228 —190 
0.2520 2473 —99 0.465 3200 —180 
0.5050 2455 79 0.770 3147 —178 


TABLE IVO, INFLUENCE OF KCI. 






RESULTS WITH NORMAL, HCl. 




























3} normal KCl. 3 normal KCl. 
coach K x 10# See 104 oe, K x 104 tt Le rot 
2 , S 2 : 2 
0.000 3324 ew eee 0.000 3485 twee 
0.062 3311 —2I0 0.061 3473 —I197 
0.174 3295 —166 0.158 3459 —165 
0.293 3283 —140 0.276 3442 —I155 
0.438 3265 —135 0.405 3420 —160 
0.565 3247 —136 . 0.560 3398 —154 





0.978 3199 3339 
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Normal KCl. 2 normal KCl. 

SnCle A K 108 SnCl, AK X 104 
oS: K x tot. ec” c -_" K X 104, C ° 
0.000 3758 wee 0.C00 44370 st ee 
0.062 3741 —274 0.061 4419 —295 
0.116 3731 —233 0.148 4398 —264 
0.235 3714 —187 0.270 4368 —255 
0.398 3684 —186 0.387 4336 —260 
0.590 3649 —184 0.585 4292 —247 
1.000 3571 —187 1.005 4193 —244 


TABLE V. SUMMARY OF RESULTS WITH KCl FOR NORMAL SnCl,. 
4 normal HCl. 





~ 





K X 104, K X tot. 4 K xX tot 
Cxcl. SnCl=o. .SnCle=N. ~ Per cent. 
0.25 N 1871 1898 + 26 +1.39 
0.50 2152 2132 — 20 —0.93 
1.00 2498 2455 7. —3-16 
2.00 3285 3147 —178 —5.42 
Normal HCl. 
K &X tot, K X tot, 4 K X tot 
CKcl. SnCly = o. SnCl, = N. “a Per cent. 
0.25 N 3324 3199 —126 —3.82 
0.50 3485 3339 —149 —4.33 
1.00 3758 3571 —187 —4.98 
2.00 4437 4193 —244 —-5.50 
An inspection of these results discloses a distinct tendency 
4K &X 10° p : 
for the values of —a to decrease with C (the concentration 


of stannous chloride). This is also noticeable in the results for 
hydrochloric acid alone, although in a much less degree. So 
small is the variation in those results, that it might be considered 
within the experimental error. In the results with potassium 
chloride, the variations are more marked, and although the values 
4 
of aE x a a tO’ at small concentrations of stannous chloride are sub- 
ject to great error, nevertheless, the perpetual recurrence of these 
variations in all sets of measurements, and in the same direction, 
would seem to indicate that they are not wholly experimental. 
Particularly noticeable is this variation in the case of 0.5 normal 
hydrochloric acid, and 0.25 normal potassium chloride, where at 
small concentrations of stannous chloride, a reduction of the con- 


3-23 











S. W. YOUNG. 





34 


ductivity, at larger concentrations an increase in conductivity, 
occurs. Since the variable factors in such solutions are so 
numerous, one might formulate a half dozen explanations of these 
peculiarities, which would be a process of very little value. 
However, it is to be expected from the general ideas of equilib- 
rium that the reduction of conductivity per unit of concentration 
of stannous chloride would be a quantity which would decrease 


with increasing concentration. 


4a 4 
When we come to compare the values of CroRT for these 


solutions (Table 5) in ='s and in percentages, with those for 
hydrochloric acid alone (Table IIIa), we find difficulty in 
deciding upon a basis for this comparison. 

Probably as satisfactory a method as any will be to compare the 
percentage effects of addition of stannous chloride to solvent con- 
taining the same concentration of chlorine. Thus the percentage 
change on adding stannous chloride to normality to a solution of 
0.75 normal hydrochloric acid is — 2.81 per cent., and toa 0.25 
normal KCl. 0.5 normal HCl the change is +1.39; for a normal 
hydrochloricygacid, —, 3.64 per cent.; for ao.5 normal KCl. 0.5 
normal HCl, — 0.93 per cent.; for a 1.5 normal hydrochloric acid, 
— 4.41 per cent.; fora normal KCl. 0.5 HCl, — 3.16 per cent. ; 
for 2.5 HCl, — 4.40 per cent.; 2 normal KCl. 0.5 normal HCl, 
— 5.42 percent. With the results for normal hydrochloric acid 
and potassium chloride we find : for 1.25 normal HCl, — 4.20 per 
cent.; for normal HCl.o.25 KCl, — 3.82 per cent.; for 1.5 nor- 
mal HCl, — 4.41 per cent.; for normal HCl. 0.5 KCl, — 4.33 per 


cent.; for 2 normal HCl, — 4.50 percent.; for normal HCl. 
normal KCl, — 4.98 per cent; for 3 normal HCl, — 4.35 per 
cent ; for normal HCl.2 normal KCl, — 5.5 per cent. 


By this method of comparison, it would seem that, at small 
concentrations, the influence of potassium chloride was less than 
that of hydrochloric acid, but that it increases more rapidly with 
the concentration and exceeds that of hydrochloric acid at 
greater concentrations. In this connection, it is to be said, 
however, that this method of calculation is sure to give results 
favoring the greater influence of hydrochloric acid, particularly 
at small concentrations of potassium chloride, since under these 
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circumstances the larger part of the conductivity is due to hydro- 
chloric acid, and although the influence of the small quantity of 
potassium chloride might be relatively large, it would still show 
as but a small percentage of the whole conductivity. I have also 
calculated the influence of potassium chloride by one or two other 
methods which may be considered as rough approximations, and 
have invariably found that at least at high concentrations 
potassium chloride seems to act more strongly in producing 
molecular complexes than does hydrochloric acid. The whole 
point might be easily settled, if we could prepare isohydric 
solutions of stannous chloride, hydrochloric acid, and potassium 
chloride. The trouble is however that, apart from the inter- 
ference of hydrolysis in stannous chloride solutions, we have at 
present no means of telling what solution of stannous chloride 
would contain chlorine ions at the same concentration as a given 
solution of hydrochloric acid. This might be determined by 
measurements of electromotive force, but I have not as yet been 
able to devise a method for this purpose that works satisfactorily 
with stannous chloride. Silver and silver chloride electrodes will 
not work, because, although silver chloride is not noticeably 
reduced by stannous chloride, nevertheless the reduction 
potential between them is easily measurable and prevents the 
use of such an electrode for the determination of the concen- 
tration of chlorine ions. 

The above data on the influence of potassium may now be 
applied without very serious objection to the determination of the 
relative influence of other salts of about the same equivalent 
conductivity and degree of dissociation, as for example sodium 
chloride, bromide, or iodide, and potassium bromide or iodide. A 
few measurements were made to determine the influence of 
potassium iodide. The results are as follows: 

Normal potassium iodide + 0.5 normal hydrochloric acid gave 
without stannous chloride a conductivity of 2633. 

On addition of stannous chloride to 0.09 normal the conductivity - 


a 4 
fell to 2594, which gives ae = — 433. Potassium chlo- 
‘ 4 a 
ride under the same circumstances gave “ame = — 175. 


A further addition of stannous chloride to the above solution 
caused separation of red stannous iodide in solid form. 
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A second set of measurements carried out with 0.5 normal 
KI + 4 normal HCl gave : 





c SnCle 4K X tot 
2 K X tof, c 

0.000 7918 ds wees 

0.119 7866 —433 

0.304 7785 —435 

0.950 7515 —424 
These values are considerably greater than for hydrochloric 
acid alone of 4.28 normal concentration ; vz., — 330 to — 350, 
and they are noticeably greater than the values for even hydro- 
chloric acid of 7.7 normal; vzz., — 402. It is hoped soon to in- 


vestigate this field more thoroughly. 

From the results of the foregoing measurements we may con- 
sider the following conclusions as probable : 

(1) Stannous chloride and hydrochloric acid form molecular 
complexes in solution, the formation of such complexes increasing 
with the concentration. 

(2) Insofar as reduction of electrical conductivity may be 
taken as a measure of such association, evidence is shown of the 
existence of two distinct forms of association, one being consider- 
ably more sens#tive to dilution than the other; z. ¢., having a 
larger dissociation constant. 

(3) Potassium chloride shows a greater power of association 
at large concentrations than does hydrochloric acid, and it is 
quite probable that the same will be found to be true at lower 
concentrations also. 

(4) From what evidence is at hand, potassium iodide shows a 
still greater influence in the direction of forming complex sub- 
stances in solutions of stannous chloride. This isin keeping with 
the well-known behavior of iodides in forming double salts. 

It has been my pleasure to have carried out the above investi- 
gation in the laboratory of the Physical-Chemical Institute, at 
Leipzig. I wish to take this opportunity to thank the director 
of the institute, Prof. Ostwald, and the assistants in the insti- 
tute, especially Drs. Bredig and Luther, for the kindly con- 
sideration and timely suggestions which they gave me during 
my all too brief stay at Leipzig. 


STANFORD UNIVERSITY, October 17, 1900. | 
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I. PURPOSE OF THE INVESTIGATION. 


S has been frequently pointed out, the dissociation of tri- 
ionic salts, such as potassium sulphate and barium nitrate, 
like that of most dibasic acids, might well be expected to take 
place in the two stages expressed by the following equations : 
K,SO, 7. K"-+ KSO,’, and KSO/ © K* + SO,”; 
Ba(NO,), "= BaNO,’ + NO,’ and BaNO, = Ba*’ + NO,’. 
Up to the present time, however, no conclusive experimental 
evidence of the existence of such intermediate complex ions as 
KSO,’ and BeNO,’ has been presented... The freezing-point low- 
ering and electrical conductivity of such salts prove, to be sure, 
that, even in moderately concentrated solutions, the intermediate 
ions, if they exist at all, are present only in relatively small 
amounts. Nevertheless, the question is still unanswered, whether 
the portion of the salt that is not completely dissociated consists 
wholly of undissociated molecules (K,SO, and Ba(NO,),) or 
mainly of the partially dissociated ones (KSO,’ and BaNO,’). 
The answer to this question cannot be reached by the method 
used in the case of dibasic acids, since it is only for hydrogen 
and hydroxyl ions that we possess specific quantitative methods 
of determination. The property adapted to throw the most light 
on the matter would seem to be the change of the transference 
numbers of such salts with the concentration ; for, if KSO,' or 
BaNO,” ions exist in moderately concentrated solution, and if 
these ions are dissociated in diluter solutions, as they must be, 
into K* and SO,” or Ba” and NO,’ ions, it is evident that the pro- 
portion of potassium or barium transferred in the differently con- 
centrated solutions will be markedly different. This investiga- 
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tion was, therefore, undertaken in order to determine the effect 
of dilution on the transference numbers of some tri-ionic salts. 
Since the results, to be of much value in connection with the 
theoretical question just referred to, must have a high degree of 
accuracy, my first efforts were, however, devoted to perfecting 
the usual method of determining transference numbers, and these 
have led to a modification of it, which it is one of the main pur- 
poses of this article to describe. 


2. RESULTS OF PREVIOUS INVESTIGATORS. 

Before describing my own experiments, the results of previous 
investigators bearing directly on the subject may be mentioned. 

In the first place, it may be recalled that various investigators 
have proved that the transference numbers of d-ionic salts do not 
vary with the concentration, provided the latter does not exceed 
a moderate value ; for example, 0.5 mol per liter, Thus, this has 
been shown by Hittorf in the case of potassium chloride, bro- 
mide, iodide, chlorate, nitrate, cyanide and acetate, ammonium 
chloride, sodium chloride, nitrate and acetate, and silver nitrate. 
This constancy of the transference numbers has been confirmed 
by other investigators’ in the case of many of these salts, and has 
been found by Loeb and Nernst’ to apply also to silver acetate 
and silver ethyleulphate. The only exceptions thus far discov- 
ered are in the cases of lithium iodide and chloride which have 
been found by Kuschel® and Bein* to behave like the halides of 
the alkaline earth metals (see below). Aside from these excep- 
tions, which are probably to be explained by assuming the forma- 
tion of intermediate complex ions, the statement made above in 
regard to the non-variation of transference values with the dilu- 
tion holds true. 

Hitherto only very few tri-ionic salts have been satisfactorily 
investigated in this direction. Aside from the earlier experi- 
ments of Hittorf, Weiske, Kuschel, and others, which are not 
sufficiently accurate to throw any light on the present question,°® 


1 For the original literature on transference determinations see Bein: Zéschr. phys. 
Chem., 27, 1. For a summary of all existing values for concentrations up too.1 normal, see 
Kohlrausch : Wied. Ann., 66, 816. 

2 Zischr. phys. Chem., 2, 948. 

3 Wied. Ann. 13, 289. 

4 Ztschr. phys. Chem., 27, 50. 

5 Compare Bein : Zischr. phys. Chem., 28, 439-452, in regard to the errors of the early 
determinations ; also Kohlrausch : Wied. Ann., 66, 818, in regard to the disagreement of 
he results. 
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and aside from the more recent experiments on the halogen com- 
pounds of cadmium and zinc, which exhibit unusually complfcated 
relations, the only determinations available for our purpose are 
those of Bein’ on barium, strontium and calcium chlorides and of 
Hopfgartner’ on barium chloride. It is desirable that even these 
determinations should be confirmed, since the results obtained 
are somewhat remarkable in their character. It was found, 
namely, that the transference number of the cathion increases 
with increasing dilution, which is just the opposite of the effect 
which would arise from the presence of BaCl’ or CaCl’ ions in the 
more concentrated solution. Barium chloride was, therefore, in- 
cluded among the salts which I have investigated. The signifi- 
cance of the behavior which it exhibits will be further considered 
below. 


3. DESCRIPTION OF THE METHOD. 


As is well known, the principal difficulty met with in deter- 
mining the transference numbers of salts for which electrodes of 
the same metal cannot be used, arises from the fact that free 
alkali and acid are generated at the cathode and anode respec- 
tively, and that the hydroxyl and hydrogen ions thus produced, 
on account of their high rates of migration, rapidly pass into the 
middle portions of the solution, thus changing its composition 
and its transference relations.* ‘This change in composition can 
be greatly retarded on the anode side by the use of a cadmium 
electrode, since the cadmium ions that pass into solution have a 
rate of migration very much smaller than that of hydrogen ions. 
This kind of anode has, in fact, been generally employed.‘ There 
has been, however, no equally satisfactory method described for 
preventing the dispersion of the hydroxyl ions produced at the 
cathode,° and Hittorf, Bein, and others in their investigations 
have simply taken care to stop the electrolysis before the alkali 
reached the middle portions. 


1 Ztschr. phys. Chem., 27, 50, 51. 

2 Jbid., 25, 137. 

8 See Bein (Zéschr. phys. Chem., 27, 3-18) for a full discussion of this matter. 

4 Compare Bein (Zischr. phys. Chem., 27, 21) in regard to the source of error arising 
from the deposition of small quantities of basic salt on the anode, 

5 Both Lenz and Hopfgartner, with this purpose in view, covered the cathode, which 
consisted of mercury, with concentrated zinc chloride solution, but this prevented an 
accurate analysis of the solution around the cathode. 
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This procedure is, however, open to the objection that the 
absolute amount of substance transferred is necessarily small, and 
since this small amount is obtained as a difference of two much 
larger experimentally determined quantities, the percentage errors 
in the final results are necessarily large. Thus in Bein’s experi- 
ments on metallic chlorides, which are probably the most accu- 
rate with polarizable electrodes thus far published, the amount of 
chlorine transferred was in almost all cases between 9 and 40 milli- 
grams, and this value was obtained by taking the difference be- 
tween two quantities usually four to ten times as great. It is true, 
to be sure, owing to the great accuracy of the volumetric determi- 
nation of chlorine, that the corresponding transference values ex- 
hibit an average deviation from the mean of only o0.6-0.7 per cent.’ 
This degree of accuracy could probably not be reached in the case 
of most other ions, and even it leaves very much to be desired. 

It occurred to me now that the difficulty just considered, ari- 
sing from the dispersion of the hydrogen and hydroxyl ions into 
the solution, might be entirely obviated by the simple device of 
gradually adding during the electrolysis to the solutions around 
the cathode and anode, sufficient amounts of the acid and base, 
respectively, of which the salt is composed, to keep those solu- 
tions neutral (or, preferably in practice, slightly acid and alkaline 
respectively ). “If, furthermore, the acid and base added are dis- 
solved in suitable quantities of water, it is evident that not only 
the formation of new substances around the electrode may be pre- 
vented, but also that the changes of concentration of the original 
salt due to transference may be compensated, so that the whole 
solution will remain unchanged in composition, and the electroly- 
sis can be continued indefinitely. Thus if the transference num- 
ber (which is approximately 0.5) of a o.2 normal potassium sul- 
phate solution were to be determined, one would add gradually 
at the cathode 0.4 normal sulphuric acid in such (measured) 
amounts, determined with the help of an indicator or calculated 
from the electricity passing through, as will keep the solution 
slightly acid ; and would add at the anode an equal amount of 
0.4 normal potassium hydroxide. If, however, the transference 
number of the positive ion were 2/3 and the salt 0.2 normal as 


1 This estimate is based on a consideration of Bein’s results. with the chlorides of the 
alkali- and alkaline-earth metals at ordinary temperatures (p. 49-51 of his article). 

















TRI-IONIC SALTS. 4I 


before, the acid solution used would have to be 0.3 and the base 
solution 0.6 normal, and the volume of the former added would 
have to be twice that of the latter, in order to keep the concen- 
tration constant. In practice, however, it is desirable that the 
added solutions should be somewhat stronger (or weaker) than 
the theory requires, in order to prevent the solution around the 
electrodes from rising (or sinking) into the middle portions. 

Three salts, potassium sulphate, barium chloride, and barium 
nitrate, were investigated in the order in which they are here 
named, each one at twoconcentrations, 0.1 ando.o2 molar.’ The 
samples used were prepared by recrystallizing the commercial 
chemically pure salts two or three times from water. In the case 
of the potassium sulphate, the analyses of the solutions, both be- 
fore and after the electrolysis, were made by evaporating them, 
after exactly neutralizing, if necessary, with sulphuric acid to 
dryness on a water-bath in platinum dishes, and igniting the 
residue, at first very gently and then intensely. Great difficulty 
was experienced by reason of decrepitation on first heating ; but 
this source of error was entirely removed by tying ash-free filter- 
paper closely over the top of the dish, heating carefully only the 
bottom of the dish so as to avoid igniting the paper, and after- 
wards incinerating the paper. In the case of, the two barium 
salts, the analyses were made by adding a slight excess of sul- 
phuric acid to the solution, evaporating to dryness as before, and 
igniting the residue to a constant weight at a moderate red heat. 
During the evaporation the dishes were covered with filter-paper 
(which was afterwards incinerated), in order to avoid a loss of 
the precipitate by spattering, occasioned by the escape of small 
bubbles of air from the solution. This subtle source of error 
caused, before it was discovered, the loss of several transference 
determinations. The barium hydroxide solution added at the 
anode was, in the case of the barium nitrate experiments, ana- 
lyzed in just the same manner. 

The method employed in carrying out the transference experi- 


1 I use this term (previously suggested by Ostwald) to designate the concentration of 
solutions containing 1 mol (one molecular weight in grams) in 1 liter of solution. The 
general introduction of some such term seems highly desirable, first in order to avoid a 
very frequently occurring circumlocution ; and second, in order to avoid the serious con- 
fusion which is beginning to arise through the double use of some writers of the term 
normal; namely, its use in this sense, as well as in its appropriate sense of one equivalent 
per liter. 
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ments with barium nitrate, was somewhat different in its details 
from that used in the case of the other two salts. I will first 
fully describe the former method, for it has, I believe, some ad- 
vantages over the latter ; and will then briefly mention the respects 
in which the two methods differ. 

At the beginning of each experiment the apparatus, shown. in 
the accompanying sketch, consisting essentially of two large glass 
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U-tubes, 3.5 cm. in diameter, joined bya piece of soft rubber tu- 
bing, was charged with such an amount of barium nitrate solution 
that the inside arm of the U-tubes and their outside arms up 
to a point about 2 cm. above the top of the bend were filled with it. 
Rubber stoppers were inserted in the small upright arms on the 
middle of the tube, so as to keep the solution in place. To the por- 
tions in the bends were added a few drops (a known weight) of 
phenolphthalein solution, in order to assist in regulating the 
addition of alkaliandacid. ‘The indicator is rapidly decolorized in 
the immediate neighborhood of the anode, but is nevertheless use- 
ful, since it retainsits color in the bend beneath. Cork stoppers with 
onelarge and one small hole were inserted in the top of each side- 
arm. Through the small holes passed heavy platinum wires bent at 
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the bottom into the form of a spiral. These were made to diponly a 
few millimeters into the solution, and were gradually raised dur- 
ing the electrolysis so as to be always near the top of the liquid. 
The distance between the electrodes was 80-100 cm. Through 
the larger holes in the stoppers were inserted the stems of cylin- 
drical drop-funnels, like those shown in the drawing. These 
were graduated with divisions corresponding to each 5 cc. The 
stems were bent slightly at their ends and drawn to a point, soas 
to cause them to remain full of liquid and to deliver against the 
sides of the U-tubes. These two drop-funnels were filled at the 
start with approximately 0.5 normal nitric acid' and barium 
hydroxide for the experiments with the more concentrated solu- 
tion, and with o.1 normal acid and base for those 
with the more dilute. These funnels, which were closed 
above with one-hole rubber stoppers, were weighed to the nearest 
centigram before and after the electrolysis, the stems being capped 
with small test-tubes during the weighing. The base solution 
was protected from the air during the electrolysis by a soda-lime 
tube inserted in the rubber stopper. 

At least twenty minutes before the electrolysis was started the 
U-tubes were immersed in a large thermostat at 25°, to sucha 
depth that the middle horizontal part of the apparatus was 
entirely covered. After the temperature differences had become 
equalized, 2.5 cc. of the nitric acid solution were added at the 
cathode and 10-15 cc. of {the barium hydroxide solution at the 
anode. ‘This excess of the latter was added at the start, in order 
to make the anode solution distinctly heavier than the middle 
portion above, and to introduce into the bend enough free base 
to neutralize any acid which might escape neutralization in the im- 
mediate neighborhood of the electrode. The electrodes were then 
connected through a switch, one 16-candle power 110 voltlamp, a 
Weston milliammeter, and a silver voltameter, allin series, with 
the terminals of the city circuit of 110 volts potential, and the 
current was turned on. ‘The silver voltameter consisted of a plat- 
inum dish (which served as the cathode) which contained a 15 
per cent. silver nitrate solution, just beneath the surface of which 


1 The acid solution used in the first experiments was prepared by diluting the concen- 
trated acid with pure distilled hydrogen peroxide solution, in order to entirely prevent 
reduction of the nitrate to nitrite and ammonia; but this precautian was later dispensed 
with, as it was found to make no difference in the results. 
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was placed a horizontal silver plate (to serve as anode) which 
was wrapped with filter-paper and supported by a silver rod 
riveted through it. The milliammeter served merely to indicate 
the strength of the current, and was not used for a quantitative 
determination of it. 

As the electrolysis proceeded, at intervals of ten totwelve min- 
utes, each time as soon as the pink color appeared at the cathode, 
2.5 cc. of the nitric acid solution and an equal volume of the 
barium hydroxide solution were added. ‘The electrolysis was 
continued for about three hours. At the end of this time the 
electrodes and drop-funnels were removed, perforated rubber 
stoppers were inserted in the side arms, their holes were closed 
by pushing in pieces of glass rod, and the stoppers in the small 
middle arms were taken out. Through these arms three 
middle portions (lying between the points £ and /, D and £, and 
F and G in the figure) were slowly removed by means of a pipette 
connected with a suction-pump, the tip of the pipette being grad- 
ually lowered so as to be always just beneath the surface of the 
liquid ; the portions were then transferred to small flasks. The 
apparatus was next removed from the thermostat and separated 
at the rubber band ; the U-tubes were wiped off outside with adry 
cloth, the liquid on the inside adhering to the upper part of the 
middle arms also being removed; and the tubes were weighed 
separately on a large balance, after adding to the anode portion a 
weighed amount of dilute nitric acid, sufficient to make the solu- 
tion acid, thus avoiding later the absorption of carbon dioxide 
from the air. The contents of the |-tubes. were now transferred 
as completely as possible to small flasks, the liquid being once 
poured back to secure thorough mixing. The U-tubes were then 
washed out, dried, and weighed. The flasks were all weighed, 
their contents poured out into the platinum dishes, and the nearly 
empty flasks again weighed. The weights of barium sulphate 
obtained from the cathode and anode portions were corrected for 
the small known weights of solution remaining in the U-tubes. 

In the case of the potassium sulphate and barium chloride 
experiments, only the cathode and middle portions were analyzed. 
The method of conducting the electrolysis was also somewhat 
different in these cases. The side-arms of the [J-tubes were at 
the beginning filled with solution for two-thirds of their length 




















TRI-IONIC SALTS. 45 


(instead of up to a point only a little above the bends), and the 
concentrations of the acid and base solutions added were made 10 
per cent. less (instead of greater) than would be required to 
maintain a constant concentration, in order to prevent the por- 
tions around the electrodes from sinking into the unchanged solu- 
tion beneath. ‘These solutions were added from burettes with 
tips turned upward and delivering a little below the bottom of the 
electrodes, which reached as before just beneath the surface of 
the liquid. The weight of the sulphuric or hydrochloric acid 
solution added was calculated from the measured number of cubic 
centimeters with the help of the known specific gravity of the 
solution ; this volume measurement is unobjectionable in the case 
of the acid solution added, since no non-volatile matter is intro- 
duced, and the greatest accuracy is therefore not required ; but 
direct weighing of the base solution is far preferable in case the 
anode portion is to be analyzed. Both methods of charging the 
U-tubes and of regulating the concentration at the electrodes give 
satisfactory results ; in that last described, the middle portion is 
of greater length, and the electrolysis could perhaps be longer 
continued, if it were desired to do so. The method used in the 
case of the barium nitrate is preferable, however, when the base 
solution to be added, like that of barium hydroxide, is heavy ; 
fer, if the other method is used, it is difficult to prevent the added 
portions from sinking down before they become mixed with the 
liquid already surrounding the electrode. The electrolyses of the 
potassium sulphate and barium chloride solutions were continued 
from four to eight hours. 


4. RESULTS OF THE TRANSFERENCE DETERMINATIONS. 


The experimental data and the calculated transference numbers 
are given in the tables below. All the values given (except, of 
course, the current, time, and transference numbers) are weights 
in grams. ‘Those in the columns relating to the salt content are 
the quantities of the substances actually weighed ; namely, of the 
potassium sulphate and barium sulphate. In the second column, 
the portion of the solution surrounding the cathode is designated 
by K, the adjoining middle portion by My, the next one by Mn, 
that adjoining the anode portion by Mi, and the anode portion 
itself by A. 
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The temperature was in all cases 25°. 

The original solutions submitted to electrolysis, the concentra- 
tions of which are only approximately stated in the headings, 
were found to contain the following amounts of salt in 1,000 
grams of solution: in experiments 1 and 2, 17.247 grams, in 
No. 3, 17.205 grams, and in Nos. 4, 5, and 6, 3.4927 grams 
K,SO,, in Nos. 7, 8, 9, and 10, 22.906 grams, in Nos. 11, 12, 
and 13, 4.6448 grams, in Nos. 14, 15, and 16, 21.083 grams, in 
No. 17, 21.099 grams, in Nos. 18 and 19, 4.6666 grams, and in 
No. 20, 4.6560 grams barium sulphate. The barium hydroxide 
solution added in experiments 14, 15, 16, and 17 gave 56.443 
grams barium sulphate, and that used in experiments 18, 19, and 
20 gave 11.700 grams barium sulphate for 1,000 grams of solu- 
tion. 

The values of the transference numbers, which are given in the 
last columns of the tables, are those of the positive ions multi- 
plied by 100. The way in which these were calculated may be 
illustrated with the help of the data obtained in the first experi- 
ment with potassium sulphate (see the table below). Thecathode 
portion submitted to analysis weighed 493.12 grams, and was 
found to coytain 8.4394 grams potassium sulphate. ‘To determine 
what it contained before the electrolysis, we must evidently sub- 
tract from the final weight of the portion, the weight of all matter 
which was introduced in the process of carrying out the elec- 
trolysis, and multiply the remainder by the original salt content, 
which was 0.017247 gram per gram of solution. 

The weight of dilute sulphuric acid and phenolphthalein added, 
which was 60.78 grams in this experiment, must therefore be first 
subtracted. Secondly, a correction must be made for the fact 
that the weight of the cathode portion is, by the electrolysis itself, 
increased by the weight of the potassium ions which have migra- 
ted into it, and decreased by the weight of sulphate ions which 
have migrated out of it' by the weight of the hydrogen gas 
which escaped at the electrode. Since the average value of the 
transference number is found to be 0.493, the total increase of 


1 It is evidently assumed hereby, as is always done in transference calculations, that 
the ions are not hydrated. It may not be without value to call attention to the fact that 
the commonly observed change of the calculated transference numbers with the concen- 
tration may be due, wholly or in part, in the case of concentrated solutions, to hydration 
of the ions, and to the failure to take this into account in the calculation. 
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weight from these three causes would evidently be: (39.1 X 
0.493)—(48.0 X 0.507) —I.0 = —6.o grams for every 108 grams 
of silver deposited in the voltameter, or —o.14 gram in this 
experiment. The increase in the amount of the salt in the 
cathode portion is therefore 8.4394—(493.12—60.78 + 0.14) 
0.017247 0.9803 gram. Adding to this the change in the 
adjoining portion (+0.0013 gram) and dividing by the equiva- 
lent weight of potassium sulphate (87.18), and by the number of 
equivalents of silver precipitated in the voltameter, the transfer- 
ence number is found to be 0.4941. (The cases where the adjoin- 
ing middle portion suffered a change in concentration greater 
than the analytical error and where consequently this change was 
combined with that of the cathode or anode portion, are indicated 
in the table by a brace following the two quantities.) The cal- 
culation of the transference number from the change in concen- 
tration at the anode was, in the case of the barium nitrate experi- 
ments, made in an entirely analogous manner, except that from the 
weight of barium sulphate obtained from the anode portion after 
the electrolysis, there was of course subtracted the amount com- 
ing from the barium hydroxide solution added. For the sake of 
greater clearness, the total weight of salt obtained from the anode 
portion is in the table resolved into the two corresponding com- 
ponents. 


POTASSIUM SULPHATE, 0.1 MOLAR. 
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I K_ 493.12 8.4394 60.78 7.4591 Sr 2.4594 49.41 
Mi 137:47 2.3723 2.3710 -+0.0013 0.118 amp 
Mn 204.82 3.5365 3.5326 +0.0039 310 min 
2 K 456.48 7.7762 91.21 6.3033 +1.4729 3.6760 49.33 
Mi 175.15 3.0126 3.0209 —0.0083 0.134 amp 
Mir 86.96 1.4993 1.4998 §—0.0005 415 min 
3 K 434.79 7.4142 48.70 6.6446 +0.7696 1.9370 49.19 
Mr: 119.85 2.0615 2.0620 —0.0005 0.063 amp 


Mn 133.38 2.2941 2.2948 —0.0007 460 min 
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POTASSIUM SULPHATE, 0.02 MOLAR. 
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4 K_ 491.47 1.6964 56.73 1.5185 +0.1779 0.4451 49.68 
Mrz 103.75 0.3631 0.3624 -+0.0007 0.028 amp 
Min 102.99 0.3599 0.3597. +0.0002 240 min 
5 K 463.31 1.5869 84.31 1.3238 -+0.2631 0.6524 49.59 
Mr: 176.04 0.6131 0.6149 —0.0018 0.040 amp 
Mr 94.08 0.3289 0.3286 -+0.0003 245 min 
6 K_ 469.56 1.6246 57.40 1.4397 +0.1849 0.4617 49.58 
Mi 103.17 0.3604 0.3603 -+0.,0001 0.018 amp 
Mn 107.24 — 0.3745 0.3746 | —O.OOOI 380 min 
BARIUM CHLORIDE, 0.1 MOLAR. 
7 K_ 460.04 10.6238 30.33 9.8402 -+0.7836 1.7479 41.44 
Mr: 46.30 1.0598 1.0605 | —0,0007 0.108 amp 
Mi 99.09 2.2686 2.2697 —O.OOII 240 min 
8 K_ 512.08 11.9214 57.06 10.4182 -+1.5032 3.3519 41.46 
Mr 35-77. 0.8189 0.8193 —0.0004 0.122 amp 
Mu 104.51 2.3911 2.3939 —0.0028 410 min 
Mi 99.00 2.2673 2.2677. —0.0004 
9 K _ 507.3% 11.7885 50.98 10.4500 +1.3385) 2.9804 41.48 
Mi 106.63 2.4411 2.4424 —0,0013§ 0.123 amp 
Mn 101.06 2.3116 2.3149 —0.0033 360 min 
Mn 90.10 2.0615 2.0638 —0.0023 
Io K _ 474.93 10.8589 30.31 10.1824 -+0.6765 1.5019 41.50 
Mr 103.15 2.3604 2.3628 —0.0024 0.065 amp 
Mn 108.48 2.4821 2.4848 —0.0027 345 min 
Miz 85.59 1.9574 1.9605 —0.003I 
BARIUM CHLORIDE, 0.02 MOLAR. 
i K_ 514.75 2.3897 54.95 2.1354 +0.2543 0.5321 44.31 
Mi I10.70 0.5149 0.5142 +0.0007 0.034 amp 
Mn 115.31 0.5362 0.5356  --0.0006 230 min 
Mi 89.89 0.4175 0.4175 0.0000 
12 K _ 499.37 2.3214 50.15 2.0864 -+0.2350 0.4928 44.19 
Mr II10.59 0.5142 0.5137 -+0.0005 0.022 amp 
Mnm 86.12 0.4007 0.4000 -+0.0007 275 min 
13 K_ 493.42 2.2930 49.84 2.0601 -+0.2329 0.4885 44.16 
Mr 106.63 0.4957 0.4953 +0.0004 0,023 amp 
Mn 109.52 0.5089 0.5087 +0.0002 260 min 
Mur 95.84 0.4451 0.4452 —0O.OOOI 


1 Portion M!! was lost in this experiment. 











Experiment 
number 


= 
- 


15 


17 


20 


} 6 
get 
K 244.30 
M: 180.57 
Mir 199.75 
Murr 239.02 
A= 205.23 
K 269.42 
M, 174.74 
My 174.33 
My 183.50 
A 218.25 
K 268.51 
M, 172.63 
My; 147.53 
Mj, 157-03 
A 204.41 
K 278.03 
M, 168.20 
M,, 158.30 
My 153-30 
A 205.69 
K 197.50 
M, 122.58 
M,; 134.06 
M,;; 187.20 
A 253.88 
K = 207.34 
M, 124.05 
M, 141.65 
My 145.38 
A 268.13 
K_ 201.18 
M, 123.27 
M,,; 121.00 
Muy 155-48 
A 279.26 


4-23 


| 


| 


| 


| 














TRI-IONIC SALTS. 


BARIUM NITRATE, 0.1 MOLAR. 


Salt content. 


5 +2507 
3.8058 
4.2106 
5.0368 
2.5491 
2.2196 
5.8130 
3.6864 
3.6760 
3.8710 
2.5877 
2.5527 
5-7520 
3.6428 
3.1110 
3-3132 
2.1725 
2.9600 
5.8841 
3-5492 
3-3329 
3.2360 
2.4465 
2.3988 


© Acid of base 
¥! solution added 


> 


39-325 
43.89 


45.233 
44.355 


52.44 
46.49 


42.50 


Original salt 
content. 


4.2970 
3.8070 
4.2112 
5.0388 
3.5000 


4.7562 
3.6840 
3-6753 
3.8685 


3.6497 


4.7270 
3-6395 
3.1098 
3.3100 
3.2065 


4.8846 
3-5488 
3-3326 
3.2345 
3-445! 


Difference in 
salt content. 


+0.9537 
—O.00I2 
—0.0006 
—0.0020 


—0,9509 


+1.0568 
+0.0024 
+-0.0007 
+0,.0025 
—1.0620 





+1.0250 
-+0.0033 
-+- 0.0002 
-+0,0032 

—1.0340 





+0.9995 
+0.0004 
-++0.0003 
+0.0015 
—o.9986 


BARIUM NITRATE, 0.02 MOLAR. 


1.0234 
0.5744 
0.6267 
0.8143 
0.7158 
0.6766 
1.0631 
0.5773 
0.6608 
0.6781 
0.7979 
0.6371 
1.0346 
0.5630 
0.5641 
0.7240 
0.8353 
0.6716 


20.88 


57-83 
21.75 


54-45 
21.14 


57-40 


0.8242 
0.5744 
0.6269 
0.8150 
0.9149 


0.8660 


0.5772 
0.6610 
0.6772 


0.9971 


0.8382 
0.5630 


,0.5640 


0.7239 
1.0329 


+0. 1992 
0.0000 
—0.0002 
—0.0007 
—-0.199I 


+0,1971 
+-0,0001 
—0.0002° 
+-0.0009 
~-0.1992 


+0.1964 
-+-0.0000 
+0.0001 
+ 0.0001 
—o.1976 


Silver in 
voltameter. 


1.9334 
0.175 amp 
165 min 


2.1540 
0.178 amp 
180 min 


2.0917 
0.173 amp 
180 min 


2.0301 
0.168 amp 
180 min 


0.4042 
0.033 amp 
180 min 


0.4014 
0.033 amp 
180 min 


0.3985 
0.035 amp 
170 min 
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45-57 
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The values of the transference numbers obtained (multiplied by 
100) ate summarized in the following table. At the foot of each 
column are given the mean of the values just above, and the 
average deviation of the separate values from this mean. To the 
final results in the case of the barium nitrate, the probable error, 
calculated in the usual manner, is appended : 


POTASSIUM SULPHATE. BARIUM CHLORIDE. 
o.1 Molar. 0.02 Molar. o.t Molar. 0.02 Molar. 
49.41 49.68 41.44 44.31 
49.33 49.59 41.46 44.19 
49.19 49.58 41.48 44.16 

wae - 41.50 
49.31 49.62 shen ome 
0.08 0.04 41.47 44.22 
0.02 0.06 


BARIUM NITRATE. 





o.1 Molar. 0.02 Molar. 

Cathode values. Anode values. Cathode values. Anode values. 
45.54 45.56 45-57 45.70 
45-47 45.48 45.41 45.68 
45.46 45.56 45-57 45.85 
45-54 45.42 
aa 45-50 45-52 45-74 

0.04 0.06 0.07 0.07 
45.50 + 0.02 45.59 £ 0.10 


5. ACCURACY OF THE RESULTS. 


The probable degree of accuracy of the results and the conse- 
quent reliability and value of the method employed may be next 
considered. It should be first stated that in the above tables all 
the determinations are redorded which were carried to completion 
after certain errors which were found to exist in the analyses 
were eliminated. 

In the cases of potassium sulphate and barium chloride, there 
are two indications of the degree of accuracy of the results ; 
first, the change in weight of the middle portions, and second, the 
variations in the transference values calculated from the different 
experiments. In regard to the former, it should be stated that 
in the analyses of portions of the original solutions, variations 
from the mean salt-content of o.oo10 gram in the more concen- 
trated, and of 0.0005 gram in the more dilute solution, were found 
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to exist ; so that only when the middle portions change by more 
than these amounts, do the changes have much significance. It 
will be seen that the changes in the My, portions do not much 
exceed these amounts except in the cases of Experiments 2, 5, 
and 10; and in the first two of these experiments, the changes in 
the My portions are so small as to cause no hesitation in combi- 
ning the changes of the M; portions with those of the cathode por- 
tions. It will also be seen from the summary in the last table 
that the average deviation of the separate transference values 
from the mean isin every case less than 0.2 percent. Taking 
into account the possibility of an error of o.1 per cent. in the 
determination of the original salt content, it can, I think, be 
safely asserted that it is almost certain that the error in the mean 
transference values does not exceed 0.25 per cent. ; in other 
words, the third figure cannot be in error by more than one unit. 
The probable error is, of course, much less. 

In the case of the barium nitrate experiments, a more conclu- 
sive confirmation of the degree of accuracy of the results is fur- 
nished by a comparison of the cathode and anode values ; for an 
error in the determination of the original salt content of the solu- 
tion or any error arising from mechanical loss in the analysis of 
the portions would affect these values in the opposite direction. 
In the case of the 0.1 molar solutions, the agreement is complete 
between the mean cathode and anode values. Taking into 
account, moreover, the smallness of the variations of the sepa- 
rate values from the mean, and the slight changes (0.2-0.7 mg.) 
exhibited by the My portions, the final result (45.50) can, I 
believe, be regarded as almost surely accurate to 0.1 per cent. of 
its value. In the case of the 0.02 molar solution, the values cal- 
culated from the changes at the two electrodes differ by a little 
less than 0.5 per cent. Attributing double weight to the cathode 
results, since an increase of the salt content is produced by the 
base solution added at the anode, I adopt 45.59 as the most 
probable value. This may possibly be in error by 0.3 per cent., 
but is probably accurate to one-half that amount. Since, at both 
concentrations, the final values are derived by the combination of 
the results of two independent methods, which are liable to error 
in opposite directions, the probable errors given in the table are 
to be regarded asa measure not merely of the variable errors, 
but probably of all errors involved. 
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These considerations show that the degree of accuracy attained 
with the help of the method described in this article, is much 
greater than that which it has heretofore been found possible to 
secure. This arises mainly from the fact that the electrolysis 
could be continued until a much larger weight of salt was trans- 
ferred. Thus, in my experiments, the quantities transferred 
were 180-260 mg. in the 0.02 molar, 700-1500 mg. in the 0.1 
molar solution, while, in Bein’s determinations at corresponding 
concentrations, only 20-50 mg. were transferred. 


6. COMPARISON WITH EARLIER RESULTS. 


Potassium sulphate was investigated by Hittorf! at 4°-12° at 
two concentrations, at about 0.5 and about o.o14 molar. The 
transference numbers found were 0.500 and 0.498, respectively. 
The differences from my values (0.4931 and 0.4962) are, there- 
fore, not very large. 

Barium chloride has been studied by various investigators with 
widely divergent results. Thus Hittorf’ obtained the value 0.385 
at 10°-20° for 0.04-0.06 molar solutions, while from Bein’s 
results,’ one finds by interpolation for 25° ando.1 and 0.02 molar 
concentrationg, the values 0.424 and 0.445, respectively. The 
latter differ by 2.2 and by 0.7 per cent., respectively, from those 
presented in this article (0.4147 and 0.4422). Hopfgartner’s* 
determinations (at 15°) for a o.1 molar solution lead to the value 
0.408, which is nearly as much below my result as Bein’s is 
above it. 

Barium nitrate has been investigated only by Hittorf,° who 
found 0.380 in 0.07, and 0.398 in 0.03 molar solution. These 
values differ very widely from my own (0.455). 

These results make evident the great need of a repetition of 
much of the earlier work on tri-ionic salts. 


7. CHANGE OF THE TRANSFERENCE NUMBERS WITH THE CON- 
CENTRATION. 
The effect of concentration, the study of which formed the main 
object of this investigation, may be now considered. 
1 Ostwald’s Klassiker, No. 21, 58 ; or Pogg. Ann., 98, 29-30. 
2 Ostwald's Klassiker, No. 23, 41; or Pogg. Ann., 106, 380-381. 
3 Zischr. phys. Chem., 27, 51. 


4 Zischr. phys. Chem., 25, 138. 
5 Ostwald’s Klassiker, No. 23, 41; or Pogg. Ann., 106, 378-379. 
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The transference number of potassium sulphate varies only from 
0.4931 to 0.4962, or about 0.6 per cent., between the concentrations 
of 0.1 and 0.02 mol per liter. A little consideration will show that 
this change can be explained by assuming that 1.2 per cent. more 
of the dissociated part of the salt is dissociated into K* and KSO,’ 
ions in the concentrated than in the dilute solution, it being 
further assumed, as a sufficiently close approximation, that the 
equivalent conductivities of all the ions involved are equal. But, 
since, according to Kohlrausch’s measurements, the molecular 
conductivity between these two concentrations changes from 175 
to 208 reciprocal ohms (and the dissociation from 64.5 to 77 per 
cent.) thus by 19 per cent., it is clear that by far the most impor- 
tant chemical change produced by the dilution is the dissociation 
of K,SO, molecules and not KSO,’ ions. Since the change in the 
transference number is so small, it may, however, be due solely 
to the hydration of ions.’ Therefore, only the following nega- 
tive conclusion is justifiable : Zhe concentration of KSO, tons in 
ao.z molar potassium sulphate solution does not exceed a very'few 
per cent. of the total concentration. If these ions exist at all, they 
have a very.much greater dissociation tendency than the neutral 
potassium sulphate molecules. 

In the case of barium nitrate, the change (0.2 percent.) caused 
by the fivefold dilution, is still smaller, and does not exceed the 
probable experimentalerror. Therefore, barium nitrate solutions, 
up to a concentration of o.1 mol. per liter, contain in appreciable 
quantity only Ba’ and NO, ions and no complex ions formed by 
the combination of these. 

The difference in the transference numbers (0.4147 and 0.4422) 
of barium chloride at the two concentrations is very much greater 
than the differences just considered, amounting as it does to 6.6 
per cent. The change is, moreover, in the opposite direction 
from that required by the assumption of the existence of BaCl’ 
ions in the more concentrated solution. In order to explain this 
behavior and the analogous one of strontium and calcium chlo- 
rides, Bein assumed a partial hydrolysis of the salt, basing this 
view on the disagreement of a single determination of the amount 
of calcium transferred with determinations of the chlorine trans- 


1 Thus the actual change of 0.6 per cent. would be entirely accounted for, if with the 
equivalent weight of the K’ ions migrate two molecules of water more than migrate with 
the equivalent weight of SO,” ions. 

















54 ARTHUR A. NOYES. 


ferred. This explanation cannot, however, be correct, since the 
alkaline earth hydroxides are known to be very strong bases ; it 
is, moreover, entirely disproved in the case of barium chloride, by 
the substantial agreement (see § 6) of Bein’s values, which are 
based on determinations of the chlorine transferred, with my 
results which were obtained by determining the transferred 
barium. On the contrary, the behavior of these chlorides of the 
alkaline earth metals is entirely similar to that of the halogen 
compounds of cadmium, though the anomaly is less pronounced ; 
and as far as I am able to see, it admits only of a corresponding 
explanation. In order to account for the fact that the sum of 
the transference numbers for the metal and chlorine is equal to 
unity, and for the change with the dilution, it is, namely, neces- 
sary to assume that there are present in considerable quantity in 
the 0.1 molar solution of the alkaline earth chlorides, complex nega- 
tive tons formed by the union of one or more chlorine tons with one or 
more of the chloride molecules (such ions for examples as BaCl,' or 
BaC1,") and that these ions dissociate with increasing dilution. 


8. RATES OF MIGRATION OK THE BIVALENT IONS. 


As Kohlrausch has pointed out, owing to the lack of exact 
transference valueg for tri-ionic salts, the Law of the Independent 
Migration of the ions has not been satisfactorily confirmed in the 
case of bivalent ions, nor have their rates of migration, calcula- 
ted with the help of that law, been as accurately determined as 
have those of univalent ions for the reason just mentioned, and 
also for the reason that the limiting value of the molecular con- 
ductivity of tri-ionic salts cannot be established with as great cer- 
tainty, since a larger extrapolation is necessary. 

With the help of the new transference numbers for potassium 
sulphate and barium nitrate, the equivalent conductivities of the 
SO,” and Ba” ions can be calculated if it be assumed that the 
values obtained for 0.02 molar solution at 25° would also hold 
true for extreme dilution and at 18°. That these assumptions 
will not give rise to an error greater than 1 per cent. is highly 
probable in view of the small changes between the concentrations 
of 0.1 and 0.02 mol per liter, and in view of the general principle that 
temperature has, as a rule, only a small effect on transference 
numbers. The calculation can be made in two ways, either by 
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combining with my transference numbers the conductivities at 
extreme dilution of the K’ and NO,’ ions, which have been 
derived by Kohlrausch through a consideration of the transfer- 
ence numbers and the molecular conductivities of the di-ionic 
salts; or by combining with them the limiting values of the 
equivalent conductivities of potassium sulphate and barium 
nitrate. The results so obtained for the SO," and Ba” ions can 
be then further compared with Kohlrausch’s values which were 
derived by a combination of the two kinds of data last mentioned, 
without reference to the transference number of any tri-ionic salt.’ 
The three pairs of calculated values of the equivalent conduc- 
tivities of the two ions are given below in the order in which they 
have just been referred to. The data used in the calculation are 
the transference numbers recorded above (0.4962 for K,SO, and 
0.4559 for Ba( NO,),) and the following values of the equivalent 
conductivity expressed in reciprocal ohms at extreme dilution’ : 
for K*, 64.8; for NO,’, 61.3; for K,SO,, 135.5; and for 
Ba(NO,), 119.3. 

I. I. III. 

SO," 65.8 68.3 69.7 

, Ba” 51.4 54-4 57-3 
The differences between the three pairs of values are by no 
means inconsiderable. In the case of the Ba” ion, indeed, the 
first and third methods of calculation give results differing by 
over 10 per cent. Aside from serious errors in the experimental 
data, these differences may be due to one or more of the three 
following causes: first, error in the conductivity values calcula- 
ted for the univalent ions; second, error in the extrapolated 
values for the equivalent conductivity at extreme dilution of the 
tri-ionic salts ; and third, inaccuracy in the assumption that the 
transference numbers for potassium sulphate and barium nitrate 
at extreme dilution do not differ much from those found in 0.02 
and o.1 molar solution. It seems very improbable that any one 
of these three errors can be large enough to account for the diver- 
gences ; a combination of them, however, may possibly do so. 
In the absence of definite information in regard to the matter, it 
seems best to adopt provisionally the values given in column II 


1 Wied. Ann., 66, 805. 
2 These values are those given by Kohlrausch, Wied. Ann., 66, 795 and 819, 812 and 804. 
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(SO,"” = 68.3; Ba’* = 54.4) which are the ones most directly 
derived from experimental data, and which are not far from 
the means of the other two pairs of values. These numbers give 
for the equivalent conductivities of potassium sulphate and 
barium nitrate, 133.1 and 115.7, respectively, while Kohlrausch’s 
extrapolated values are 135.5 and 119.3. In this connection it 
should be pointed out that in Kohlrausch’s method of treatment 
of tri-ionic salts, the assumption involved that the conductivity of 
bivalent ions decreases with increasing concentration more rapidly 
than that of the univalent ions simultaneously present, is entirely 
inconsistent with the transference results on potassium sulphate 
and barium nitrate presented in this article. This is shown by 
the following transference numbers which are calculated for these 
two salts from his values for the separate ions at the various nor- 

mal concentrations which are stated below in the head line : 

0.1 0.05 0.02 0.01 0.001 

K,SO, 0.571 0.557 0.534 0.522 0.499 

Ba(NO,), 0.397 0.414 0.434 0.446 0.468 
It is certain from my results that any such change of the trans- 
ference numbers with the concentration is out of the question in 
the case of these two salts: It ought to be added that.Kohl- 
rausch regarded hjs assumption only as a provisional one, having 
an empirical justification. That the results obtained with its 
help were at all satisfactory is probably due, first to the fact that 
the compounds considered were mostly those of the halogens, and 
secondly, to the large errors in some of the transference numbers. 
It is impossible to utilize the transference numbers of barium 
chloride, as was done with those of the nitrate, for the calcula- 
tion of the conductivity of the barium ion, since the transference 
number of the former salt does change greatly with the dilution. 
It is of interest, however, to make the converse calculation so as 
to compare the transference number calculated for extreme dilu- 
tion with that found at the concentrations investigated. Assu- 
ming as above, Ba*’ = 54.4, and according to Kohlrausch, Cl’ = 
66.4, the transference number for complete dissociation is found 
to be 0.450. (Even assuming Kohlrausch’s much higher value 
(57.3) for the Ba*’ ion, the transference number becomes only 
0.464.) The value found for a.0.02 molar solution was 0.442, so 
that the change produced by further dilution is relatively small. 
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At this concentration, therefore, the complex negative ions pres- 
ent in considerable quantity in more concentrated barium chloride 
solutions are, for the most part, dissociated. 


In closing, I desire to state that the accuracy of the experi- 
mental results presented in this article are to be attributed in 
large measure to the analytical skill and perseverance of my 
assistants, Mr. A. A. Blanchard and Mr. G. V. Sammet. 





IMPROVESIENT IN ORSAT APPARATUS. 


By A. BEMENT. 


Received October 22, 1900. 


AVING experienced considerable trouble in using the Orsat 

H gas apparatus, I have deviseda modification with the object 

of removing what I have found to be a serious and troublesome 
fault. 

Fig. 1 will illustrate the particular difficulty in question. It is 

that of the usual form of pipette used especially for the caustic 

and pyrogallate reagents, having a number of small glass tubes 


- ABs 
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; LA 














QD Fig.3. 














Fig /. Fig.é. 


inclosed in the front leg. For purpose of illustration only one of 
these tubes is shown by AA. As this chamber in practice 
is full of these tubes, it necessarily follows that one of them must 
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be in the center, and this one may, and often does, drop down in 
the position indicated in the sketch. The result is that a direct 
passage from A down through the tube and into the branch B is 
produced, and at the same time, the outlet from the other tubes 
and the remainder of the chamber is stopped off, leaving the 
outlet for the reagent only by way of this center tube, because by 
its junction at lower A, aciose connection is made. ‘The result 
is, that as gas enters the pipette the reagent instead of uniformly 
receding before it is driven down the center tube, and this con- 
dition may exist to such an extent that the reagent is driven to 
the point B, when the gas, owing to its lower gravity, will 
bubble up through the reagent, as shown, and escape to the 
atmosphere. It does not always follow that this center tube will 
make as close a junction as shown, but the trouble exists to a 
greater or less degree in all instruments. I have found cases 
where it required a period of fifteen minutes to pass the gas 
sample into the pipette, and have known of frequent errors 
caused by a loss of gas from this cause. It is, of course, true 
that if sufficient time be taken, the gas may be worked into the 
pipette without loss, but it is certainly desirable and important 
that the analysis be effected with as little trouble as possible, and 
in the shortes€ time consistent with careful work. It may be 
observed when gas is passed into the pipette that the reagent 
does not recede equally before it, but that contained in the center 
tube may drop down lower than the surface in the other tubes. 
Likewise, when the gas is withdrawn the reagent returns in 
greater volume by way of the center tube, and will rise higher 
and run over the top. 

To overcome this difficulty, I have devised the pipette shown 
in Fig. 2, which prevents the tubes dropping down into the 
outlet by interposing a glass disk with corrugated edge, as 
shown in Fig. 3. This not only affords a support but allows a 
free passage of larger area from each tube to the connecting 
branch, as the depressed edges of the disk rest on the bottom of 
the pipette chamber, leaving ample passage between the corru- 
gations. The connecting passage may also be made larger, 
thereby affording opportunity for the quick passage of the 
reagent, and shortening the time required for absorption. 


CHICAGO, October 18, 1900. 
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PROCEEDINGS OF THE THIRD SESSION OF THE INTERNATIONAL 
COMMISSION FOR UNIFORM METHODS OF SUGAR 
ANALYSIS, HELD IN PARIS, JULY 24, I900. 


Participants of the convention were : 

Prof. Dr. A. Herzfeld, chairman. 

Prof. Dr. Brodhun, delegate of the Imperial Physical-Technical 
Institute, Berlin. 

Regierungsrat Dr. von Buchka, delegate of the Imperial 
Institute of Hygiene, Berlin. 

Mr. Camuset, chairman of the Technical Commission of the 
Syndicate of French Sugar Manufacturers. 

Dr. Hermann, of the laboratory of Dr. Alberti and Hempel, 
Hamburg. 

Mr. Francois Herles, trade-chemist, Prague. 

Mr. A. Jobin, Paris. 

Mr. Frangois Sachs, Brussels. 

Mr. Saillard, chemist of the Chambre Syndicale des Fabricants 
de Sucre, France. 

Regierungsrat F. Strohmer, delegate of the Association for the 
Beet-Sugar Industry in Austria-Hungary. 

Mr. van Voss, chairman of the Association of Dutch Sugar- 
Manufacturers. 

Dr. Otto Wendel, of the laboratory of Dr. Hugo Schulz, 
Magdeburg. 

Dr. F. G. Wiechmann, delegate of the American Sugar 
Refining Company, New York. 

Dr. H. W. Wiley, chief chemist, Department of Agriculture, 
Washington, D. C. 

Dr. Heinrich Winter, Java. 

The chairman opened the session on July 24, 1900, in the large 
hall of the Chambre Syndicale des Fabricants de Sucre de 
France, welcomed those present and expressed special thanks to 
the Chambre Syndicale des Fabricants de Sucre de France for the 
hospitable reception as well as for having delegated Mons. Camuset 
to the meeting of the commission. 

Messrs. Bunge, Kiew, Van Ekenstein, Amsterdam, Nevolé, 
Prague, and Dupont, Paris, requested that their absence be excused. 

After the chairman had given a short résumé of the origin, as 
well as of the prior work of the commission, he requested 
Messrs. Saillard and Wiechmann to again undertake the editing 
of the French and the English text of the Proceedings, which 
both gentlemen willingly agreed to do. 
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Referring to the prior written communication, the chairman 
then once more put before the commission the question: Which 
normal weight should be valid for the German instruments, when 
using the metric flask? As is well known, the Imperial Physical- 
Technical Institute has called attention, by its communication 
dated October 19, 1898, to the fact, that an exact conversion of 
the normal weight 26.048 grams for Mohr’s cubic centimeters at 
17.5° C., corresponds to 26.01 grams (not 26.00), metric volume, 
at 20° C., determined in air, with brass weights. 

‘*The Commission decides that, in consideration of the 
insignificance of the deviation, the normal weight of 26.00 grams 
shall henceforth be adopted for 100 metric cubic centimeters, at 
20° C., determined in air with brass weights.”’ 

Mr. Wiley then spoke of the results of his researches concern- 
ing the influence of temperature on the polarization of sugar ; 
his remarks are given in the Vereins-zeitschrift. 

This was followed by a communication by Mr. Wiechmann, of 
New York, concerning the influence of temperature on the 
specific rotation of sugar, an abstract of his publication appearing 
in the Zeitschrift des Vereins der Deutschen Zucker-industrie. 

A long discussion bearing on the substance of the two lectures 
followed, in which Professor Dr. Brodhun removed some wrong 
conceptions which some of those present had entertained, con- 
cerning the experimental basis of the lectures, and especially con- 
cerning the researches which the Imperial Physical-Technical 
Institute at Bérlin had made on the same subject. 

Mr. Pellat was unable to be present on the day of the session ; 
the commission therefore agreed to be present at his lecture, 
Friday, July 27, 1900, in the session of Section V, of the Con- 
gress for Applied Chemistry, as Mr. Pellat intended to give his 
lecture on the day and at the place named. 

Mr. Jobin reported that he himself had not made personal 
investigations regarding the influence of temperature on 
polariscopic instruments; he referred solely to his earlier pub- 
lication on this subject, as well as to the coming lecture of Mr. 
Pellat. Mr. Jobin discussed the errors with which instruments 
provided with quartz-wedge compensations are burdened; this 
gave rise to a longer discussion. 

Then Professor Dr. Herzfeld made a brief report on the results 
of the examination of quartz plates, concerning which a full report 
will be found in the Vereins-zeitschrift. ‘The commission agrees 
that these quartz plates shall be divided among the nations 
represented ; for the United States, the quartz plates are to be 
sent to the Department of Agriculture, at Washington; for France, 
to the syndicate of the sugar manufacturers; for Belgium, 
Holland, Austria-Hungary, and Russia, to the associations of 
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sugar manufacturers which are represented in the session by 
delegates. 

The session was then adjourned for lunch, and reopened at 2 
o’clock in the afternoon of the same day. 


AFTERNOON SESSION. 


Herr Regierungsrat Strohmer delivered his lecture on a uniform 
method of sugar analysis for international trade, and submitted, 
as a basis for the same, the agreement which the Austro- 
Hungarian chemists had last reached in their convention, June 
22, 1896, at Budapest. Mr. Strohmer proposed to accept these 
resolutions, with certain deviations, as a basis of the international 
agreement, and suggested for this purpose the separate dis- 
cussion of the different topics. ‘The convention agreed to do this, 
but first of all considered it necessary to establish general prin- 
ciples for the adjustment of polariscopic instruments, as well as 
for the avoidance of errors caused by the influence of tem- 
perature. 

On motion of Messrs. Camuset and Saillard, first of all, the 
following was adopted : 

‘* The convention declares it to be necessary that the rotation of 
chemically pure sugar be accepted as the fundamental basis in 
saccharimetry.”’ 

The chemically pure sugar which ts to be employed for this pur- 
pose shall everywhere be prepared according to the same method, 
which ts as follows (method of the English chemists) : 

Purest commercial sugar is to be further purified in the follow- 
ing manner: A hot saturated aqueous solution is prepared and 
the sugar precipitated with absolute ethyl alcohol ; the sugar is 
carefully spun in a small, centrifugal machine and washed in the 
latter with some alcohol. The sugar thus obtained is redissolved 
in water, again the saturated solution is precipitated with alcohol 
and spun and washed as above. The product of the second 
centrifugaling is dried between blotting-paper and preserved in 
glass vessels for use. The moisture still contained in the sugar 
is determined and taken into account when weighing the sugar 
which is to be used. ‘ 

The convention furthermore decided that central stations shall 
be designated in each country which are to be charged with the 
preparation and the distribution of chemically pure sugar. 
Wherever this arrangement is not feasible, quartz plates, the 
values of which have been determined by means of chemically 
pure sugar, shall serve for the control of the saccharimeters. 

Mention should be made of the fact that in the discussion on 
this topic, it was remarked, on the one hand, that the preparation 
of chemically pure sugar is not an easy task, and that in countries 
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having hot climates, sugar is dried with difficulty and hence is 
not stable, and hardly available for transportation. Thereupon 
it was pointed out that the above control, by means of chemically 
pure sugar, should, as a rule, apply only to the central stations 
which are to test the correctness of saccharimeters ; for those 
who execute commercial analyses, the repeated control of the 
instruments is to be accomplished, now as before, by means of 
quartz plates. 

Concerning the working temperature the following resolution 
of Mr. Francois Sachs was unanimously adopted : 

‘Tn general, all sugar tests shall be made at 20° C. 

‘The adjustment of the saccharimeter shall be made at 20° C.; 
one dissolves for instruments arranged for the German normal 
weight, 26 grams of pure sugar in a 100 metric cubic centi- 
meters flask,’ weighing to be made in air, with. brass weights, and 
polarizes the solution in a room, the temperature of which is also 
20° C.; under these conditions, the instrument must indicate 
exactly 100.00. 

‘‘The temperature of all sugar solutions to be tested is always to 
be kept at 20° C., while they are being prepared, and while they 
are being polarized. 

‘* However, for those countries, the temperature of which is 
generally higher, it is permissible that the saccharimeters be 
adjusted at 30°C. (or at any other suitable temperature) under 
the conditions specified above and providing that the analyses 
of sugar be made at that same temperature.’’ 

Objections “were raised against the universal normal weight, 
20.00 grams, by Mr. Francois Sachs as well as by Mr. Strohmer. 
In consequence, it was resolved not to undertake the introduction 
of the same, but to adopt the resolution : 

The general international introduction of a uniform normal 
weight ts desirable. 

It was furthermore resolved, on the basis of the proposition of 
Mr. Strohmer, 40 observe the following rules in raw sugar analysis. 


I. POLARIZATION. 


‘Tn effecting the polarization of substances containing sugar, 
half-shade instruments only are to be employed. 

‘‘ During the observation, the apparatus must bein a fixed, 
unchangeable position, and so far removed from the source of 
light that the polarizing Nicol is not warmed by the same. 

‘* As source of light there areto be recommended, lamps with 
intense flame (gas triple burner, with metallic cylinder, lens, and 
reflector ; gas lamp, with Auer burner ; electric lamp; petroleum 
duplex lamp; sodium light). 


1 Or during the period of transition 26.048 grams in 100 Mohr’s cubic centimeters. 
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‘* The chemist must satisfy himself, before and after the obser- 
vation, of the correctness of the apparatus (by means of correct 
quartz plates), and in regard to the constancy of the light; he 
must also satisfy himself as to the correctness of the weights, of 
the polarization flasks, the observation tubes, and the cover 
glasses. (Scratched cover glasses must not be used. ) 

‘* Several readings are to be made and the mean thereof taken, 
but any one individual reading must not be selected. 


POLARIZATION OF RAW SUGAR. 


‘*To make a polarization, the whole normal weight for 100 cubic 
centimeters is to be used; or a multiple thereof for any corre- 
sponding volume. 

‘As clarifying and decolorizing reagents there may be used : 
sub-acetate of lead, prepared according to the ‘ Pharm. Germ.’ 
(three parts by weight of acetate of lead, one part by weight of 
oxide of lead, ten parts by weight of water), Scheibler’s alumina 
cream, concentrated solution of alum. Boneblack and decolor- 
izing powders are to be absolutely excluded. 

‘* After bringing the solution exactly to the mark, and after 
wiping out the neck of the flask with filter-paper, all of the well 
shaken, clarified sugar solution is poured upon a dry, rapidly 
filtering filter. The first portions of the filtrate are to be thrown. 
away, and the balance, which must be perfectly clear, is to be 
used for polarization. 


WATER. 


‘‘In normal beet-sugars the water determination is to be made 
at 105° to 110° C. 

‘‘For abnormal beet-sugars, as well as for colonial sugars, there 
is no commercial method for the determination of water. 


ASH. 


‘*To determine the ash-content in raw sugars, the determination 
is to be made according to Scheibler’s method employing pure 
concentrated sulphuric acid. For an ash determination, at least 
3 grams of the sample are to be used. The incineration is to be 
carried out in platinum dishes, by means of platinum or clay 
muffles, at the lowest possible temperature (not above 750° C.). 

‘‘From the weight of the sulphate-ash thus obtained, io per 
cent. are to be deducted, and the ash-content, thus corrected, is to 
be recorded in the certificate. 


ALKALINITY. 


‘‘As, according to the most recent investigations, the alkalinity 
of raw sugars is not always a criterion of their durability, the 
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commission abstains from proposing definite directions for the 
execution of these investigations. 


INVERT SUGAR. 


‘‘The quantitative determination of invert sugar in raw sugars is 
to be made according to the method of Dr. A. Herzfeld 
(Zeitschrift des Vereins fir die Ribenzuckerindustrie des Deutschen 
Reiches, 1886, pp. 6 and 7).”’ 

Furthermore the following resolutions were adopted : 

‘‘ The commission declares that only well-closed glass vessels 
will insure the stability of samples. 

‘* To obtain correct results it is desirable that the samples con- 
tain at least 200 grams of material.’’ 

All of the above resolutions were adopted unanimously by those 
present. 

The chairman then declared that he considered the work of 
the commission completed, and he requested the convention to 
authorize him to prepare and to accept the protocol, and there- 
upon to declare the commission dissolved. 

Mr. Wiley, however, stated that he considered it necessary 
that the commission be made a permanent one. He proposed 
that Mr. Herzfeld be again elected chairman. This resolution 
_ Was unanimously carried. 

After Mr. Wiechmann had expressed the thanks of those 
assembled, to the chairman, the session was closed. 

ai FRIDAY, JULY 27, 1900. 

The members of the commission, in accordance with the 
resolutions adopted on Tuesday forenoon, attended the session of 
Section V, of the International Congress for Applied Chemistry, 
and there heard the lecture of Mr. Pellat on the ‘‘ Influence of 
Temperature on the Specific Rotation of Sugar.’’ 

F. G. WIECHMANN, Secretary. 





NOTE. - 


Estimation of Fat in Sweetened Condensed Milk.—In the 
Journal for October, 1900, appears an article by J. F. Geisler, 
on ‘‘ The Estimation of Fat in Sweetened Condensed Milk,’’ in 
which reference is made to ‘‘ A Method of Analysis for Canned 
Condensed Milk’’’ wherein the results are stated to be ‘‘so 
utterly out of harmony with the composition of commercial con- 
densed milk, etc.,’’ that I feel it only proper to call attention to 
the eight determinations obtained by my critic in extracting the 

1 This Journal 21, 439 (1899). 
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fat with petroleum ether, and ‘‘ ether-petroleum ether ’’—results 
ranging from 8.31 to 8.468 per cent. which, while approaching 
some of my own results, are still somewhat lower than might be 
expected after the painstaking methods of extraction. 

As to the statement that, ‘‘In the writer’s experience, it is 
the rare exception rather than the rule, for condensed milks to 
contain less than a proportion of 25 per cent. of fat in the milk 
solids,’’ it would seem that such experience is not exactly in 
harmony with some of the recognized authorities ; for it is only 
necessary to refer to the article by T. H. Pearmain and 
C. G. Moor' where several analyses are given in which the fat is 
less than 2 per cent. of the whole, or less than 7 per cent. of the 
milk solids. ; 

Moreover, the highest result, 8.468 per cent. fat, as given in. 
the article by J. F. Geisler, would be by calculation 25 per cent. 
of 33.87 per cent. milk solids,;—a result decidedly lower 
than the usual percentage of milk solids in condensed milk, 
judging from the published analyses of Leffmann and Beam, 
T. H. Pearmain and C. G. Moor. 

Hence the possibility, in view of the omission to state the 
total solids and cane-sugar, that my critic may have proved the 
rare exception in his experience by obtaining fat proportionately 
less than 25 per cent. of the milk solids. 

I have taken this opporttinity to make the above statements, 
because of the criticism offered, before the general meeting of 
the Society in June, when I was unable to attend. 

FREDERIC S. HYDE. 





NEW BOOKS. 


Victor VON RICHTER’S TEXT BOOK OF INORGANIC CHEMISTRY. EDITED 
BY PROF. H. KLINGER. AUTHORIZED TRANSLATION, BY EDGAR F, 
SmiTH. Assisted by WALTER T. TaGGART. Fifth American, from the 
tenth German edition, carefully revised and corrected. Philadelphia: 
P. Blakiston’s Son & Co. Igo0. xii + 430pp. Price, $1.75. 

The recent edition of von Richter’s inorganic chemistry, trans- 
lated by Professor Smith sustains the reputation of former 
editions in containing a large amount of subject-matter in a 
limited space, and in presenting the most recent additions to the 


1 Analyst, 20, 268. 
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knowledge of this subject. The arrangement of the present 
edition is based on the periodic system of Mendelejeff and Lothar 
Meyer, and it presents a logical sequence of fact and theory 
according to the inductive method. The book is considerably 
enlarged from former editions by the introduction of chapters on 
the periodic law, relations of chemical affinity, and a brief state- 
ment of the theories of solubility and thermochemical phenomena. 
These are useful additions since training in elementary chemistry 
cannot now be considered complete unless these recent concep- 
tions of chemical theory receive some attention. 

The introduction seems a little heavy for a beginner, but for 
the best use with beginners as with any good text-book much 
depends on the skill and faithfulness of the teacher. For rapid 
advance, it is essential that the student gaina clear idea as to 
what chemistry is before proceeding to the study of facts and 
phenomena. Doubtless this is best accomplished by a brief pre- 
liminary statement of elementary principles, illustrated by experi- 
ments to be performed by the student. 

This edition appears at an opportune moment, and it will 
doubtless meet with the favor it deserves. 

CHARLES F. MABERY. 
THE ELEMEN® OF PuHysics. By HENRY CREW. Second edition. xvi+ 

353 pp. New York: The Macmillan Company. 1900. Price, bound, $1.10. 

In the preface to the first edition, the author said: ‘‘ Physics 
is not a series of disconnected subjects, including mechanics, 
sound, light, heat, and electricity. It is, on the contrary, a body 
of well-organized truth, forming one great whole. * * * A 
science covering fields apparently so diverse, yet so intimately 
connected, demands an elementary treatment which shall be 
rigidly consecutive.’’ 

The more importatnt changes from the first edition are the 
following : ‘‘ All use of the method of limits, either for defining 
physical quantities or for other purposes, has been abandoned. 
All Greek letters, except 7, have been replaced by English 
symbols. All use of trigonometrical functions has been given 
up.”’ 

These changes are good ones from the point of view of the 
teacher of physics. On the other hand, the student would 
certainly find his calculus come easier if he saw from the start 
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the advantage of the differential notation. A bright boy sees at 
once that algebra is an improvement over arithmetic, but he does 
not see the advantages of the calculus at the time when he is 
studying the subject. It seems as though the teacher of physics 
might with profit, present his subject so that the student would 
feel the need of more advanced mathematics. ‘This, however, is 
a debatable question, and the author has the argument of 
experience on his side. His book is certainly a good one. 
WILDER D. BANCROFT. 


L’EAU DANS L INDUSTRIE. PAR H,. DE LA Coux. Paris. V Ch. Dunod, 

Editeur. 49 Quai des Grands-Augustins. 1900. Price, 15 francs. 

As the name ‘‘ water in the industry’’ (or industrial arts) 
indicates, this work by M. Dela Coux, a chemical engineer and 
professor of industrial chemistry for the Polytechnic Association 
in Paris, takes up the several questions connected with the 
utilization of water, natural and acquired impurities, and the 
means for removing the same, and lastly the methods of testing 
and analysis. The scheme of treatment is reasonably compre- 
hensive, and in some portions is very adequately and fully 
developed, and in others, not so completely as in other works 
already available. 

The distinctive characters and differences of composition of the 
various classes of natural waters are first stated, and the solubility 
of certain salts in water considered from the industrial point of 
view ; as for example, the effects on the boiling of water. 

The next section on the use of water in boilers and for the 
raising of steam, the difficulties from the development of incrusta- 
tion and so-called ‘‘ boiler-scale,’’ the remedies and means of 
removal of incrustations, both mechanical and chemical, is very 
full and satisfactory in its treatment. Not only are the several 
chemical salts which have proved of value as scale-removing 
materials discussed separately, but the calculations given by 
which (the extent of-the impurity in the water being known) the 
amount of correction needed may be ascertained. The means of 
purifying mine waters and salt water to make them available for 
boiler purposes is also very thoroughly covered. 

The employment of water in special industries is then noted 
and the requirements and conditions of purity in each discussed. 
Thus, the use of water in the textile and tinctorial industries, in 
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tanning, in the preparation of tanning and dye-wood extracts, in 
paper-making, in sugar refining, in brewing and distilling, in ice 
manufacture and for alimentary preparations are all referred to, 
and the special requirements stated. 

The question of the general purification of water by chemical 
treatment, by filtration and sterilization is also treated, although 
somewhat from the standpoint of French methods and with very 
little mention of the experimental work done in England and 
Germany. 

The treatment and purification of waste waters from various 
industrial operations is then discussed, mention being made 
specially of the waste-waters from beet-sugar refineries, from dye 
works, and from works yielding soapy or greasy residual waters. 
The recovery of glycerine from the soap-maker’s waste lyes is 
also referred to. This section is, however, not so broadly con- 
ceived or handled as is done in Konig’s well-known work : ‘‘ Die 
Verunreinigung der Gewasser, deren schadlichen Folgen, sowie 
die Reinigung von Trink and Schmutz wasser,’’ the second 
edition of which appeared last year in two volumes. 

The chemical analysis of water, both qualitative and quan- 
titative, forms the subject of the last section of the work and is 
reasonably full, although not comparable with books like 
Tiemann-Gartner, and special American works on this branch. 

The book, however, in the compass of 496 pages, covers a wide 
range of topics and on the whole, quite satisfactorily. 

SAMUEL P. SADTLER. 
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The Protection of Shade Trees in Towns and Cities. Bulletin No. 131, 
Connecticut Agricultural Experiment Station, New Haven, Conn. Novem- 
ber, 1900. 30 pp., with numerous plates. 

Report of the Connecticut Agricultural Experiment Station, for the Year 
ending October 31, 1900. Part I.—Fertilizers. New Haven, Conn. 112 pp. 

Grundziige der Siderologie. Von Hanns Freiherr v. Jiiptner. Erster 
Teil: Die Konstitution der Eisenlegierungen und Schlacken. Leipzig: 
Verlag von Arthur Felix. 1900. viii-+ 316 pp. Price, M. 13. 

The Periodical Cicada or Seventeen-year Locust in West Virginia. By A. 
D. Hopkins, Ph.D. September, I900, Bulletin 68. 72 pp. Report on 
Examination of Wheat Stubble from Different Sections of the State. The 
Joint Worm in Wheat. By A. D. Hopkins, Ph.D. October, 1900. Bulletin 69, 














BOOKS RECEIVED. 69 


20 pp. West Virginia Agricultural Experiment Station, Morgantown, 
W. Va. 

Twelfth Annual Report of the Storrs Agricultural Experiment Station, 
Storrs, Conn. 1899. 223 pp. 

Abstract of the Proceedings of the National Convention of 4900 for revising 
the United States Pharmacopoeia, held at Washington, May 2, 3, and 4, 1900. 
54 PP- 

Agricultural Bounties vs. Ship Subsidies Senate Document No. 55, Fifty- 
Sixth Congress, Second Session. 

Cloves. Bulletin No. 73, Laboratory of the Inland Revenue Department, 
Ottawa, Canada. 14 pp. 

Experimental Physics. By Eugene Lommel. Translated from the Ger- 
man by G. W. Myers, with 430 figures in thetext. P. Blakiston’sSon & Co. 
1900. xxi-+ 664 pp. 

A Text-Book of Chemistry, intended for the use of pharmaceutical and 
medical students. By Samuel P. Sadtler and Virgil P. Coblentz. Volume 
I. General Chemistry. 934 pp. Volume II. Analytical Chemistry and 
Pharmaceutical Assaying. 336 pp. 

Inorganic General, Medical, and Pharmaceutical Chemistry, Theoretical 
and Practical. A text-book and laboratory manual. By Oscar Oldberg, 
Pharm.D. Intwovolumes, xx+1177 pp. Price, $7.00. 

An Elementary Treatise on Qualitative Chemical Analysis. By J. F. Sel- 
lers, A.M. Boston: Ginn & Co. Igoo. ix-+ 160 pp. 

A Manual of Assaying. The fire assay of gold, silver, and lead, including 
amalgamation and chlorination tests. By AlfredStanley Miller. New York: 
John Wiley & Sons. 1900. iv + 9I pp. 

A School Chemistry, intended for use in high schools and in elementary 
classes in colleges. By John Waddell. New York: The Macmillan Com- 
pany. Igo. xiii + 273 pp. 

Flesh Foods. With methods for their chemical, microscopical, and bac- 
teriological examination. A practical hand-book for medical men, analysts, 
inspectors, and others. By C. Ainsworth Mitchell, B.A., F.I.C., F.C.S, 
London: Charles Griffin & Co., Ltd.; Philadelphia: J. B. Lippincott Co. 
1900, xv-+ 336 pp. 

Evolution of the Thermometer, 1592-1743. By H. Carrington Bolton. 
Easton, Pa.: The Chemical Publishing Co. 1900. v-+ 98 pp. Price, $1.00. 

A Text-Book of Urine Analysis for Students and Practitioners of Medicine. 
By John H. Long, M.S., Sc.D. Easton, Pa.: The Chemical Publishing Co. 
1900. v-+ 249pp. Price, $1.50. 

A Handbook of Practical Hygiene. By D. H. Bergey, A.M., M.D. Eas- 
ton, Pa.: The Chemical Publishing Co. 1900. iv-+ 164 pp. Price, $1.50. 

The Chemists’ Pocket Manual. A practical handbook containing tables 
formulas, calculations, physical and analytical methods for the use of chemists 
assayers, metallurgists, manufacturers and students. By Richard K. Meade, 
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B.S. Easton, Pa.: The Chemical Publishing Co. 1900. vii + 204 pp. 
Price, $2.00. 

Elementary Organic Analysis. The Determination of Carbon and Hydro- 
gen. By Francis Gano Benedict, Ph.D. Easton, Pa.: The Chemical Pub- 
lishing Co. 1900. vii-+ 86 pp. Price, $1.00. 

Engineering Chemistry. A manual of quantitative chemical analysis for 
the use of students, chemists and engineers. By Thomas B. Stillman, M.Sc., 
Ph.D. Second Edition. Easton, Pa.; The Chemical Publishing Co. Igoo. 
xxii + 503 pp. Price, $4.50. 

Laboratory Instructions in General Chemistry. Arranged by Ernest A. 
Congdon, Ph.B., F.C.S. Philadelphia: P. Blakiston’s Son & Co. Igol. 
IIO pp. 

Some Observations and Suggestions Relating to the Chemistry of the Brit- 
ish Pharmacopoeia. By Frederick B. Power, Ph.D. The Wellcome Chem- 
ical Research Laboratories, 6 King Street, Snow Hill, London, E. C. 34 pp. 

Mercurous Iodide. By Frederick B. Power, Ph.D. The Wellcome Chem- 
ical Research Laboratories, 6 King Street, Snow Hill, London, E, C. 4 pp. 

The Composition of Berberine Phosphate. By Frank Shedden, B.Sc., 
ALS. 

A Contribution to the Pharmacognosy of Official Strophanthus Seed. By 
Pierre Elie Félix Perrédés, B.Sc. The Wellcome Chemical Research Lab- 
oratories, 6 King Street, Snow Hill, London, E. C. 36 pp. 

Lehrbuch der anorganischen Chemie. Von Prof. Dr. H. Erdmann. 
Zweite Auflage. Mit 287 Abbildungen, einer rechen Tafel und sechs far- 
bigen Tafeln. Brauffschweig: F. Vieweg & Sohn. 8 vo. xxvi +- 758 pp. 
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